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POSITIONS OPEN 


PERSONNEL Pro ess Metallurgist, 


T HE following employment items are made 
available to AIME members on a non 


profit basis by the Engineering Societies Per 
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sonnel Service, Inc. (Agency) operating in 

cooperation with the Four Founder Societies Senior Metallurgical or Electrical 
METALLURGISTS Local offices of the Personnel Service are at Engineer, t 

8 W. 40th St.. New York 18: 100 Farnsworth t 

Ave., Detroit; 57 Post St., San Francisco; 84 
Heat-Treat Engineer to se E. Randolph St., Chicago !. Applicants should 

address ali mail to the proper key numbers in 

core of the New York office and include 6c 

in stamps for forwarding and returning appli 

ation. The applicant agrees, if placed in oa 

position by means of the Service, to pay the 

placement fee listed by the Service. AIME 

members moy secure a weekly bulletin of 

positions available for $3.50 a quarter, $12 o 
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Multiple exposure photograph a Smoke plume 
from the Meteorology experimental stack. 


MICROMETEOROLOGY... probing the atmosphere 


“Highly Sensitive and rapidly tesponding thermal probes developed 
by Argonne seientisis Continually.monitor the diffusive capacity of 
the atmosphere by measuring its stability. Wind profiles, precipitation and 
Sunshine are among the forty micrometeorological elements continuously 
recorded—many by automatic data processing equipment—and analyzed 
ut high-speed computers, This research is providing fundamental knowledge 


on atmospheric processes which are vital in a nuclear age.” 


4) | SMV 
NATIONAL LABORATORY 
- Operated by the University of Chicago under 


contract with the United States Atomic Energy Commission 


PROFESSIONAL PERSONNEL OFFICE 
P.O. BOX 299-88 *»* LEMONT, ILLINOIS 


INQUIRIES INVITED Micrometeorology is only one of age fectifier sets, rotating machinery, pulse trans- 
many interesting fields of research and development formers and techniques af high energy transient work 
at Afgonne. Staff positions are now available in a E.E. with cyclotron experience. Physicist for study of 
numer of technical divisions and afew of the specific irradiation damage O@ielectro-mechaniga! systems and 


needs are described below. Meta!/urgica! Engineers. optical materials, Physitist with electronic background 


M.E.’s and €.€.’s for electro-mechanical, mechanisms, for wofk in nond@structivé.testing. Physicist for cir- 
radio telemetering and StereasTV development work. cuit design work in Proton Linear Accelerator program. 
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MAKING BETTER STEELS 


a —AT LOWER COST 


ADDING ALLOYING ELEMENTS 


... to the bath requires the experience of melters who know 
how to control the important factors of time, temperature and quantity. 
Skilled melters also know that a GLC graphite column with the ‘‘weld- 


strength” Unitrode nipple helps make better steel at lower cost. 


FREE— This illustration of one of the skills employed by the men who make 
the mie tals has been handsomely ré produced with no advertising 
text. We will be pleased to send you one of these reproductions 


with our compliments. Simply write to Dept. M 
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furthering 


creative tec hn O lo gy a { To men concerned with pushing back the frontiers of 
: reactor technology, the many facilities for fundamental and 
‘7 
° applied research at KAPL hold a special interest. Among 
The KNOLLS he unique critical assemblies for experimental purposes is 
the PPA, pictured below. This Pr iminary Pile Assembly 
ATOM! Cc POWER an { ut down and restarted in 15 minutes in order to 
ige fuel elements to simulate different reactor 
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NEW SCIENTIFIC AND ENGINEERING 
POSITIONS ARE NOW OPEN IN ADVANCED DYNAMIC FLOW CORROSION TECHNOLOGY 


RADIOCHEMISTRY AND INSTRUMENTATION 


NUCLEAR DEVELOPMENT AND DESIGN REACTOR CORE STRUCTURAL FABRICATION 


METALLURGICAL & MANUFACTURING PROCESSES DEVELOPMENT 


OF NAVAL PROPULSION SYSTEMS REACTOR MATERIALS APPLICATION 


Knolls Alomie Power Laboratory 
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GENERAL ELECTRIC 


ScHENEcTADY, New 
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FERRO-ALLOYS AND METALS 
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ELECTRO METALLURGICAL COMPANY, Div n of Union Carbide 
Corporation, 30 East 42nd Street, New York 17, N. Y. 
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FERRO-ALLOYS AND METALS 


Discuss with us availability and prices on commercial quantities 
This will permit you to analyze the economic and technological 
of rare earth metals versus other metals for ex 
ample 


Gadolinium versus Hafnium in nuclear control. This will 


also permit the evaluation of special alloy systems such as Gado 
linitum in stainless steel 


RARE EARTHS AND THORIUM DIVISION 


MICHIGAN CHEMICAL CORPORATION 


576 North Bonkson Street, Saint Louis, Michigan 
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melt buttons, pounds, 


or tons in proved 


vacuum arc furnaces 


W. C. Heraeus of Hanau, Germany, have made and oper- 
ated more than 100 of these vacuum arc furnaces over a 
ten-year span 

Now you can share the mastery of vacuum melting and 
casting gained through this broad experience. The fur- 
naces are for sale on a royalty-free basis. Included are 
complete information and thorough training in proved 


techniques—all with no strings attached. 


2500 pound ingot of titonium cast in a single mold using ti sponge os the 
consumable electrode 


Unique electrode feed. | | 


H t ( 


Maintaining the vacuum. 


CH 
How to purchase. | 


Model VA-L 600 sh Herceus furnace. 


Rochester Division, Rochester 3, N. Y. 
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this ductile iron casting 


How to get castability, 
machinability plus strength and toughness 


See the gleaming impression cvlinder in the upper 
left section of the press? It’s ductile iron. 
There are six cored holes that run longitudinally 
close to the surface of the ductile iron cvlinder that 
were cast within a location tolerance of 1» inch! 
The relative ease of producing such a casting 
was one of the reasons why the manufacturer 
selected ductile iron in preference to steel. While 
steel offered the required strength properties, the 
greater difficulty in maintaining the close dimen- 
sional control made it unattractive for this job. 
And, because ductile iron combined the necessar\ 
castabilitvy and machinability with high strength 


and high modulus of elasticity, it was the manufac- 
turer’s natural choice over gray cast iron, too. 


What about your applications? (an they use the proc- 
essing and product advantages offered by ductile 
iron? Six types of ductile iron are available. One 
should suit your particular application. Tensile 
strengths range from 60,000 psi to 150,000 psi, with 
elongation ranging from 5% to more than 20%. 
Why not get complete information? Request your 
copy of “Ductile lron Digest.”” Write: 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street New York 5, N. Y. 


zo. ductile iron...for high strength and toughness in iron castings. 
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Technical Highlights of the Third Reactive Metals 
Conference 


TMCA Unveils New Titanium Alloy 


The service limit of titanium was pusher 


Corp. of America announced its 


in Buffalo. Desig: 


t present due to th 


Moderat 


De Satislactory Papel 


H. D. Kessler of TMCA 


Reactor Grade Zirconium Produced In New Continuous Process 


The Titanium Div. of the National Lead Co. announced a new process 


reacto! 
down to 0.001 
nediate 
is aaded 

nesilum reductant 
added at SnCl, 
nium 
of the overflow chlorides 
which are at the reaction 
the development of the process 
A ram in the reactor presses a zirconium compact out the bottom 
Zr content of this compact runs approximately 90 pct, the remainder being 
chloride and some magnesium 
Most important in the chemistry of the reactor is keeping the chlorides as 

lorides and not allowing oxychlorides to fo This allows the compact 
to be refined to reactor grade with a double meltin ily, the compact 
serving as the electrode in the first step. Melting is normally « 
vacuum, but tests under argon have proven satisfactory 
Producers claim extraordinary purity for their product, with 200, 20, and 

10 ppm figures being given for O., N., and H., respectively. Lower costs 
are claimed by elimination of vacuum distillation, leaching, sponge hand- 
ling, and electrode preparation steps 
A pilot plant at the Titanium Division’s Sayerville, N. J., laboratory is cur- 
rently in production. The chief worry of its operators is the same as those 
throughout the industry: how to end dependence on government purchases 
and broaden the base of the zirconium market. 


Fiber Reinforcement Shows Possibilities 

Experiments at the Clevite Research Center concerning molybdenum 
fiber additions to titanium and Ti-6Al-4V were described by E. Weber, A. D 
Schwope, and R. W. Jech. Tensile strength, strength-to-weight ratio. 
modulus of elasticity, and modulus-to-density ratio were reported as im- 
proved with additions 20, 30, and 40 pct by volume of Mo fibers, but oxidation 
of the fibers tends to decrease the stress-rupture properties. Coating of the 

(continued on p. 451) 
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Seventy-live Years = 


‘Cent WAS a growing surplus in the United States 
Treasury—the Polygamy Act was passed—letter 
postage was reduced from three cents to two cents— 
the Brooklyn Bridge was opened—standard time was 
adopted—in 1883, when two young men, just gradu- 
ated from Worcester Polytechnic Institute, established 
the business bearing their names—WYMAN-GORDON. 
The total capital was $27,000. 

Integrity, initiative, ambition and ability were theirs. 
Endowed with these qualities and privileged to operate 


under that unique American system of free, private, 
competitive enterprise the Company prospered and 
grew. 

On this our 75th anniversary, we salute the spirit 
of our founders and we pledge our every effort to help 
preserve, against the steady erosion of the last quarter 
century, that system which has made our nation what it 
is today and which has enabled us to build the greatest 
industrial production in the world, resulting in the 
highest standards for all segments of our people. 


WYMAN-GORDON COMPANY 


ESTABLISHED 1883 


FORGINGS OF ALUMINUM ©§ MAGNESIUM © STEEL © TITANIUM 


HARVEY, ILLINOIS 
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by R. A. Beals 
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the possibil that th i ustin: new id wholly different material: 
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vet Readers are ‘OI rallel products to the ultimate 1Sul researc] 
their own words level nt help build “i 
A newer problem arises from competition, not 
ily between metals, but from nonmetals as well 
to the auto makers again, it is doubtful 
if Ford management is losing any sleep over the 
possible replacement of the station wagon by the h ‘ent f engineer-executl 
horse and buggy, the helicopter, or the guided the metal companies that 
missile. One example will suffice for the opposite pany after company has taken the broad 
situation: you can make pipe or tube out of iron, proach to industry problems. Rathet 
per, lead, aluminum or plastics for hand-outs or tackling on 
Attack on these manifold problems is sponta- lems, the metals industry is 
neously developing along three lines: better in- gently. A newly growing salesmanship is being 
formation, longer-range planning, and greater at backed by something else. We call it industrial 
tention to product development statesmanship 
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N a period of economic stress, the metals 1ndaus- Better information on metal stocKs Wlil help, ‘sas 
try is showing encouraging Slgns of unaer- since metals consumers aimost Invariably accen- vat 
lving strength and vitality. The problems are not tuate the industry cycles. Without full and prompt aenes 
singit the answers are not simpie—nor W1lli SO- information on stocKs and metal consumption, nea 
lution come quickly, Dut the industry is facing neither nor consumer can act 
its problems with St Longer-range planning is probably refiected 1n 
sv its verv nature, the metals inaustry Is ore the response oI the copper 1Inaustry tO past 
f the first to feel aaverse economic pressure, vear ot aownturn Neither was production Kept ys 
like a seismograph, it registers underlying stresses full blast. nor was it cut completely The strain on ae 
and earlv. Producer and consumer inventories the cash position of many companies Nas been a> a 
are a two-edged sword. When storm signals fy, severe. but nonetheless, management has fought aie! 8 
the manufacturer or consumer Starts living on Nis to maintain economic production rates whlie re- aes 
fat (or inventorv). When an upturn begins, re- taining realistic confidence in the future Seis 
maining inventory is a cushion delaying the 1m- P| development and research on botn ee 
pact of fabrication upon production metals and industry level pavs muitipie dalvl- 
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a vacuum induction melted alloy 


AVAILABLE 


Udimet 500, a superior alloy proven bv extensive high 
temperature applications, is now available in sheet in 
production quantities for early delivery. It is produced 
in widths to 1S” by l 14" in ke ngth and in thickness down 

‘ to .010’. The alloy combines very high stress rupture 
life with excellent ductility and fatigue resistance in 
the 1200°F to 1800 F ranges 

Manv other vacuum induction melted alloys are also 
now marketed in sheet form by the Utica Metals Division 

New allovs are being developed at Utica tor critical 
sheet application. We ar interested in discussing uses 
for our sheet material where high tensile strength, cor- 
rosion resistance, high stress rupture life and electrical or 
magnetic properties are critical requirements. 

The technical strength and experience of our organi- 
zation, together with highls precise melting and inspec- 
tion practices, enable us to guarantee absolutely consistent 
juality from heat to heat. Utica Metals Division, Kelsev- 
Haves Co., Utica 4, N. ¥ 


UTICA KELSEY-HAYES 


KELSEY-HAYES CO UTICA 4, NEW YORK 


SOME ALLOYS COVERED OY US. PATENT 
en 


450—JOURNAL OF METALS, JULY 1958 


| 
> 
d 


METALLURGI 


gist, preferably Ph.D., is re- 
ite al la mut al Rr quired for technical and ad- 
equipme ministrative direction of a 
Staten | N Ww 15 of high temperature and special! 
purpose alloys 
Metallurgist { responsible 

ke perience, liberal benefits. Lo- 
vare. S ed cated in Midwestern Metre- 

te Pe : 5 politan area 


USE the SERVICES of 
THE ENGINEERING 
SOCIETIES LIBRARY 
29 West 39 Stre 
New York 18, N.Y 


H. Phelps, Director 


Box 5-JM AIME 
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SUPERVISOR 


Imaginative physical metallur- 


Send complete resume to: 


29 West 39th St. 
New York 18, N. Y. 
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metallurgy as part of M.S 


Reporter (continued from p. 447) 


fibers may prevent this, but no results were reported. Of interest was 
the fact that the elastic modulus is freely variable with the fiber con- 
tent. There were no figures on transverse ductility, and it was felt 
that though there were definite possibilities in the field of fiber rein- 


forcement, more tigation Was necessar\ 
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to +h 


Oxidation resistance: Coatings are only a partial answer to thi 
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Economics: Considering the high developmental cost for 
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} 171 ABSTRACTS COVERING ... | 


i 
Metallurgical | 
applications 


of the 
} rare earths 


Write on 
| 


company letterhead 
for your copy ! 


Now Davison has gathered, in one com- 
pact folder, 171 abstracts reporting on 
significant developments of the past 10 


years in the metallurgical applications 


of the rare earths 


Divided into three sections—ferrous, 


non-ferrous and general applications— 
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HOT-METAL PRE-TREATING TOWER 


by J. M. Gaines and D. C. Hilty 


Preliminary results secured with a novel reactor for contacting hot metat 
bun gaseous orygen Sufficient data have not been obtained to present a 
ere he ( ( aodotes no to evaluate the process 

“ent theoretical and 


+ 


Aa | RE-TREATMENT n the title is taken to signify high energy gas jets to develop reaction surtace It 
t tal t I tant ippeared that such a method, which could be en 


ng not metal emove sut antlally all 


SIDI¢ 


DISTRIBUTION 


f these operations are accompanied by collateral SAFETY<& — > PLATE 


VALVE 


from more extensive pre-treatment. Moreover, most 


TOWER EXIT PIPE TO 
SMOKE COLLECTOR 


Experience with desiliconizing methods, however, 


MOLTEN METAL 


rignt indicated OXYGEN 16"DIA 


that gains of 25 to 40 pct in production rate of bt + 21'-7" 
il pen heart}! nay be possible. Calculations made y 
in Union Carbide laboratories and conversations i: 12'-5" 
with steel industry operating management have ' 
generally confirmed that desiliconized and partially 
lecarburized hot metal, 400° to 500°F higher in 
temperature than conventional hot metal. may in- pre 
crease the production rate of open hearth furnaces {| 
by 30 pct and that of arc furnaces by 50 pet, ae 
on the basis of a 50 pet hot metal charge ; wtih ‘ 
Trials in the laboratory, simulating various de- _ J PROBE 
Y> 
siliconizing methods known to industry, suggested Ss A SIGHT iy 31 
that a radically different approach might be produc- PORT, t 
tive. This was to sub-divide the iron into small drops ~ fi mi 
in an atmosphere of oxygen rather than to rely on 4 4 | |B 
RECEIVING | lire 30" 
J. M. GAINES and D. C. HILTY are Assoc. Technical Director, LADLE | | | 
Linde Co., Div. of Union Carbide Corp. and Mgr. of Research ereneel 
Information, Metals Research Laboratories, Electro Metallurgical 
s Fig. 1—Experimental Hot-Metal Pre-Treating Tower, built at 
Co., Div. of Union Carbide Corp., respectively. Presented at the 
Metals Research Laboratories of Electro Metallurgical Corp., Div. of 
National Open Hearth Steel Conference, Cleveland, April 1958 
Union Carbide Corp., Niagara Falls, N. Y 
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fy 
practical interest to present at this time 
. of its silicon and a significant amount of carodon. in podied in a sho cer, woulda meet ne py ec ves, 
the past, much effort has been devoted to the re- and would be about the simplest mechanism whic! 
moval of silicon, and the practice extensively used couid be Dull Unfortunately, nowever, Gala were 
n Europe. However, in most cases the operation pre- mpletely lacking on the rate at which droplets ol 
umes to remove merely a fraction of the silicon and molten iron react with the surrounding atmosphere 
a Loe not env! mn gnificant decarburizing. Among furthermore, no indication of the probable eactio! 
‘1 the manv methods emploved can be cited the use of mechanism was at hand to guide us. Therefore, an 
pt = xyvgen lance n hot metal ladles, the addition of experimental tower was built to secure such data 1 
re ind scale in mixers. ladles. and runners, and an effort to demonstrate the technical feasibility 
A 
juplexing operations the principle 
All of these practice while essentialiv concerned 
with de conizing, actually remove only a portior TC 
f the silicon in the hot metal and consequently fail 
- 
to permit full utilization of the potential possum ) fs 
disadvantage ucn a exce ve pid re -CO+CO02 e-+ Tc 
tory erosion, and uncontrolled fume production, that 3] (Tt — 
has demonstrated that gains in production rates are TC 
ae possible in the open hearth, even from removal of maine 
| only a portion of the silicon from hot metal. Extra- an 
polation from these results to a situation where sub- ar ‘ 
a tantially all of the licon and a large proportion ol! ' ;PROBE 
th are ren fram the hat metal 
are removed trom e not netai ugeests 
26'-10 
. that rather large gains in production rate may be +. 
' achieved. Ar nal bv E. Cc. W 


Table |. Operating Data For Hot-Metal Pre-Treating Tower 


Observed 
Approx Oxygen Total Area Temperature 
Oxygen Consump- Diam of No of Holes Tower of Metal, °F 
Hot Nickel Duration of Flow Rate tion Holes in of Holes in Sieve Preheat Before 


After 
Metal, Lb Added,Lb Run, Min Cu Ft per Hr Cu Ft Sieve, In in Sieve Sq In Temp, °F 


Treat Treat 


Table Il. Change in Carbon and Silicon Contents 


Carbon, Pet Silicen, Pet 


Before After Before After 
Treat Treat Treat Treat 


sec. The 
20.000 cu 


Test procedure 


> 
Procedures we 


reaucea 


neaa 


\} le was 
1000 Observations and results 


ladle 
runs were made 


m 300 to 1000 


Was adde d for 
losse 


placed a severe urden 


Removal of Sili ‘omplete opera- 
tional data fo! successful runs 
Table I. Carbon and silicon contents of 


1 aiter passing 


tower, are given in Table II. These observations de- 


. 
LNes¢ anc 


ynstrate that the major objectives of treating hot 
remove practically all the silicon, lower the 
carbon to a level of around 2 pct or less, and produce 
a substantial temperature increase were achieved 
Although the data of Tables I and II are } 
adequate for engineering purposes, such as 
of towers for large-scale operations, they 
confirm the basic reasoning behind the tower! 
OXYGEN/ ib METAL 
DIAMETER X TOTAL AREA OF HOLES 


cess. Specifically, they show qualitatively that 


degree of oxidation, as measured by the removal of 
Fig. 2—Ettect of oxygen input and state of metal subdivision on silicon and carbon, is related to the state of subdivi- 


elimination of carbon and silicon sion of the metal and to the amount of oxygen avail- 
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Run 
No 
a 
DS 12 2 2.92 2 939 ‘ ’ 442 lf 2 255/est : 
DS 14 On 4 2 2 ( 61 ‘ ) $42 74 233€ 27 oe 
Ds 2 51 20.0 ‘ 2 ) 2 
DS 17 62 2.2 20,01 250 219 
DS 1 +2 2 2 25 27 
DS 19 042 2.17 { 927 ‘ 2 J 9 249 + 
DS 2 247 4 2.92 20,001 2 8 0.614 20 24 2 
A few preliminary experiments proved that the : 
elimination of carbon and silicon from droplets of ee 7 
moiten iron is indeed quite rapid, provided, as was a 
expected, the droy lets are of small size Conse- 
juentiy, the semi pliot-scale treating tower, shown Ne Si i 
in Fig. 1, was constructed — 
Refractory lining of firebrick (4 in.) served ad- DS 12 42 141 2.79 1.19 o 114 tee 
mirably and showed no attack after 23 experiment DS 14 + 27 7 1.02 4 0.9 
Ds 41 22 19 9 4 
A critical component was the perforated plate at the DS 17 $.27 4.08 19 1.02 rr it : 
DS 1 4.27 7 + +7 51 0.4 
I i altel = ‘ xperimenting, a atista¢ ry DS 19 4 2 2 9% 2 ) OF ss 
solutior Was found Pe ated steel plate Ss coated US < 
with a heavy iaver of A ndum cement were found 
to stand up for a number of runs and to resist en- pa 
and when required, probe samples were taken for 1 
ae n Was Maintained at full rate, usually year 
| ft per hr, while the transfer ladle was . 
MEE designed to measure and collect being emptied. During this period, the head on the : 
samples of input and output, to collect samples of perforated plate reached 9 in Fifteen seconds afte! _ 
metal and gas during the test. and to measure the the transfer ladle had been emptied into the tower, : 
temperature of input. output. and tower walls. The the oxygen rate Was maul in steps to keep pace ™ 
procedure was evolved gradually from test to test. with the reduction in HT the iron on the plate ; 
but it was st unsatisfactorv with respect to ; As soon as the pour plate became visible, or if the : 
analvsis at the complet n of the series of tests metal froze in the crucibie, the oxygen vaive Was 7 
Before pig iron was poured into the crucible, th shut. The receiving ladle was lowered and a sample . 
tower, transfer ladle, crucible, and receiving ladl of iron was dipped out for analysis. The ladle was - 
were preheated by s or oil torches Thirty lt f poured into a chill lined with magnesia cement fron ’ 
ed 
in which charges 
Ul 
metal ranging fromm ib were emploved 
temperature. Nominal composition of the iron was 
¢ af ¢} f fantars +h 
4 . ‘ Most of these were trials of certain features of the 
4.20 pct ¢ L.U pct pe Mn, 0.12 pct | 0.04 pet i. 
equipment or else were Of no vaiue Decause OI equip- 
Thi Was varied cCasionalil with respect li were en ntered at times 
con and manganese as shown in the data. A weighed 
- W mh insumcient reneat tne rie ne il Vvnicn 
si 14 1 jy ‘ + tima hl 
resuited in siluggisn flow anda, at times, 1n DIOCKINS 
as a tracer in computing vields and 5 
of the sieve. The fact that the entire treating opera- 
Fifteer o thirty seconds before the iron was . a 
tion required less than 3 min 
poured into the tower, the tower was purged with . : ; : 
oxveen TI irtv seco! ds ifte! the start of pouri on the accuracy of the recorded Gata - 
4 
is he 
E 
a 
> 
* 
< 
Pry. 


an 


able f eaction. This relation Fig 


is illustrated by 


based on these considerations 


ba twice as much oxygen is required for the 
val of silicon as f carbon; thus, the degree of 
xidation of the metal is proportional to the sum of 
tl f carbon removed plus twice the molds of 
con removed, i.e. (AC 2451) in mols. Moreover, 
the degree of oxidation of a unit of the metal pre- 
imably varies directly with the amount of oxygen 
available, as well as with the surface to mass ratio 
of the etal falling through the tower. Assuming the 
irops Of metal are spherical and of diameter, D, 
equai to tnat if the hole in the plate, the area @X- 
| ed, pe t s proportional to 1/D (the ratio of 
irface to mass Of a sphere) 
In orde t ake account of the fact that the re- 
actior pe da Ww generally ve short, and that 
theretore teadu- ite condit ns were not realized, 
t was found necessa to moalty the mple state- 
ment vel DOVE Ir addition to the factors already 


yxidizing gas was found necessary. The metal flow, 

course, proportional to the area available in the 
leve plate for its passage, assuming constant head 
As an em] cal matte! at peared that the degree 


Hole Diam) (Total Area of Holes) 


as is shown on Fig. 2. The influence of the area term 
mall, and it would, probably, be found insignifi- 
cant In the case of experiments of longer duratior 


Effect of Tower Height: Another highly important 


the lengt? ts are exposed to 
the atm time, in is 
lirect ‘ tower. Since the 


during the course of these tests, no data indicating 
the magnitude if this effect are available. Some 
sampit vere taken at intermediate levels by means 


The analyses indicates 
at reaction progresses as the iron travels down the 
ower; however, the consistency of thes« particular 
results wa so poor that it was concluded the 
mples represented individual drops rather than 
epresentative averages for a given level. Further 
influence of 


tud to establish the specific 


needed 


Effect on 


nce prin 


Phosphorus, Sulfur, and Manganese: 
t was centered on the behavio1 
other 
1umber of 
tests. However, few 


interes 


of carbon and Licor chemical analyses for 


observations were made from which the behavior of 
i manganese may be deduced 
These data are listed in Table III. So far as phos- 
ulfur are concerned, they indicate little 


effect, although the evidence is hardly conclusive 


lation 


ol manganese was 
imination of carbon. This relation, 
the data of Tables II and III, is shown 
containing ap- 
all of 
3 may be considered to apply 


} le same lot of pig iron, 
proximately 0.75 pet Mn, was employed for 
the test o that Fig 
to all of the runs and is representative of the be- 


manganese. Manganese elimination ap- 
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pears virtually completed by the time carbon has 
been lowered to the 2 pct level 


‘ 


Yields and Losses: From the viewpoint of practi- 
cal economics, a most important consideration fot 


any process, such as this, is metal recovery 


tioned previously, the test procedure i 

to collect and weigh the metal and slag after a test 
The difficulties of 
ial weight data 


balances in small-scale experimentation of this type 


obtaining reasonably 


suitable for reliable 


however, are well known, and these 
} 


exception. Moreover, due to the scale of the tests 
the slags were anything but homogeneous, so that 


their analvses could not serve for direct material 


balance calculation Consequently, Vields and losses 


were estimated indirectly by calculation on the basis 


of the nickel that was added as a trace! 


The observed nickel contents and the overall metal 
recoveries calculated therefron are tabulated I 


Table IV. These recoveries, of course, are theoretical 


recoveries, resulting from oxidation Of sliicon, Car- 


iron, etc., and inc 


oon, Manganese, 


cal losses that may have occurred. The oxidation 
losses would be expected to increase as carbon 
eliminated, and this is indeed the case, as demon- 


strated by Fig. 4 


Recovery of iron is of even greater interes 


overall metallic recovery. Data pertaining to the oxi- 
dation and recovery of iron are listed In Table \ 
where the amount of iron in the initial metal was 


computed from the known weight and composition ¢ 


f +} 


the hot-metal charged. The quantity of iror 


treated metal was computed from 


nickel, silicon, and carbon contents, and from man- 


ganese contents estimated from Fig. 3 

where manganese anaiyses were lacking ne re- 
lation of iron oxidation loss to final carbon conten 
of the treated metal is shown in Fig. 5. Recovery 


of iron at the objective level of desiliconized 


appears to be on the orde 


Oxygen Absorption Rate: In those runs \ 


} ; sty ] 
ceeded to substantial reaction of metalloids with 


can be shown, by material balance, that 


y all of the oxygen was absorbed by the 


vielding various metallic oxides plus carbon 


> 

O30} { 
/ 

2 

< 020+ 
= 


20 25 30 35 40 45 
CARBON CONTENT, PCT 


Fig. 3—Relation between carbon and manganese in the treated 
metal 


2 
Pig. On a molar 
a mentioned, a term expressing the variation of metal 
ie 
of i ted th ¢ than 
rf Kid could be correlated quite well with the 
expresslor 
per lb of Metal 
- 
tal, 
va containing about 2 pct C, 
bes he Bel of 95 pct 
oxygen, it 
substantii 
metal, 
My OMPOSITION 
| 
height O60} ; 
j 
eleme! 
040} 
the sample § 
As expect 
related to tl ) 4 
derived f: | 


monoxide and carbon dioxide. To gain a 


Table Ill. Observations of Manganese, Phosphorus and Sulfur it was found of interest to compare the rate of oxv- 
gen absorption in this case with that in the know: 

oxygen processes. This can be done by comparing 

Ren Mn P. s. Mn. Mn. Pp Ss. the volume of oxygen, without regard to metal- 
Ne Pet Pet Pet Pet Pet Pet Pet lurgical results, which goes into reaction per n é 
with 1 ton of the liquid bath. The comparison, w h 


S 12 0.144 0.041 0.121 0.048 appears show that the tower is a very 


°*¢ =} i Carb Content 75 Pct ‘See Text Cutto Conversion per Ton 
per Ton Time, Min per Min 


Fumes: Dy 
\ the vent pipe at the top of the wer aiong with the 


efuen 


a« 
META 


Fig. 4—Relation of overall oxidation loss to carbon content of 
treated metal 


Table IV. Metallic Recovery 


Ni, Pet commercila unt An n¢g the Dp blems whicl 

secant Before After Recovery, Pet appear ahead of such a development may be listed 
1.) Materials of construction, which must be 
: evaluated and improved ove! elatively long usé 


Iction OTF Capacity; and 


3.) Relatively high iron loss, which appear in the 


present resuits: Should 


Possible variations of the tower process 


~ In the realm of speculation are several alternates 
" to the simple oxyiron reaction, which could be car- 


™. 1.) Addition of steam to the oxygen would reduce 
oxidizer cost, possibly increasing vield by reducing 


Fig. 5—Relation of iron oxidation loss to carbon content of treated 
metal nd 


Table V. Iron Oxidation 


feed for steelmaking furnaces, it is conceivable that 
the tower reaction could be carried much further 


Calculated Wt of Iron, Lb Calculated Iron 
Kun No Initial Treated Recovery, Pet 


to provide material needing only minor finishing to 


qualify as steel 


2.7 918 

3.6 95.7 

5.8 96.5 Reference 

4.9 98.8 E. C. Wright 

5.5 97.2 
; 5 


Ye 


LD Steel, VOEST, 1956, p. 1: 
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he 
7 
1 
| 
DS 74 1.05 rapid transfer device 
DS 22 0.76 0.08 
DS 23 0.75 0.32° 0.26 
Oxy-Ste ( erter 2400° 7 2 
Kaldo 
* The xVge xed wit! te xture ! 45 pct O Sid 
= 
> 4 color and were identified by X-ray as containing - 
principally FeO and Fe,O,. The technical problem : 
< : involved in separating the oxide from the gas Nas 
not been evaluated. However. it is indicated that 
‘ 4 . a major step has been taken in confining the gas and 
ARSON CONTENT OF TREATEC PCT fumes in a pipe, thus accomplishing 100 pct collec- 
tion for subsequent connection to fume disposal : 
equipment 
Practical questions 
The demonstration of technical feasibility in the bf 
‘ vard 
DS 17 0.58 0.59 98 3 perioas; 
US 96 2.) Design factors—height. hole size. etc which 
DS 19 0.48 51 94.1 : 
DS 2 0.48 0.50 96. are needed for accurate pred iy ms 
Pees this continue in commercial- 
. size equipment, it may require some additional work : 
: to bring it within reasonable limits 
> ~ 
fumes, and, at the same time, limiting the degree of 
ARRON NTENT OF TREATED META PCT } 
iperheating of the iron 
) Injection of finely divided solids, such as ore 7 : 
lime or limestone, would perhaps permit some x : 
reduction of phosphorus and sulfur 
PC 3.) Although the objective has been to prepare : 
LO 
DS 12 950.5 87 
DS 14 745.7 7 
DS 15 865.4 t s 
DS 17 803.6 7 
DS 18 nd Stes Ey \ 33. pr 73 to 5. 195¢ 
iH. Kosmider: Metal P ess 72, p. 71, 1957 
DS 19 974 9: 
+t phe aH nd F. Johansson: Blast Furnace and Steel Plant 
DS 2 175.2 866.4 98.7 p. 202, Fet 1957 
H. A. Trenkler: Three Whors of 


UNCONVENTIONAL 
IRON SMELTING PROCESSES 


by M. O. Holowaty and C. M. Squarcy 


ng 


making processes {is of interes ( OOF mack and see what nistory reveais 


Journal of Metals here presents that stor /. as told by the authors of Blast 


Furnace USA 


the ultimate method for reductior ft iron re At- shares at £50 eact The patentee was t recelve 


20,000 


taken 


rnaces, 


Capat 


(1900 


following conclusion also appears 


if the company 


19th century 


aphi al 


iarcoal to anthracite and then to points out most clearly le enormous gain a 


sitated modifications in both the would result from the full introduction of 


facilities numerous patented principle 


I hysical 


a comparatively small number of blast 


nace men even attempted to depart from the basi 


and proven design of the conventional blast furnace 
The development of the elliptical blast furnace 


about the middle of the 19th century undoubtedl\ 


grew out of some of these interesting attempts 


Elliptical blast furnace 

The credit for the development of elliptical fur- 
nace was given for a long time to Mr. C. C. Alger 
of New York, who in 1858, obtained a British patent 
for this idea. Alger also was considered to be the 
first to construct such furnaces in the US. Subse- 
quently, a company was organized in London with a 
highly respectable board of directors, with the title 


M. 0. HOLOWATY and C. M. SQUARCY are Chief of Row Steam furnace of the Hudson Iron Co., Hudson, New York. Built 
Materials Research and Manager of Iron Production, respectively, ln 1058. ene of the two 16 fermeces was converted te the 
Indiana Harbor Works, Inland Steel Co., East Chicago, Ind elliptical form in 1858. Picture: American Iron & Steel Inst. 
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Al 
: In this day of ever-widenim interest i mprovement of iron and steel 
f it< reli lity ne ob f Alger’ Patent F Co Ltd. The capital { 
spite ol! reiuaoduity and productivity ne Diast Alger s aten urnace sta n aplla 
furnace has never bee! inive led the mpal was estal hed at £100,000 with 2000 
‘ ‘ ‘ ‘ h wil b- 
nave been made pe cally nna oUU snare and in cas! 
n e economical r less complicated processes Io! stract was taken trom a printed <¢ cular of tha 
the production of iron. These attempts can be sepa- company, dated March 30, 1859, concerning the 
: rated into two groups—modificatior f the blast working of two furnaces (16ft. bosh) the Mudson 
furnace anc development of wholly unrelated prec- Iron Co. of Hudson, N. Y., which were converted t 
f es ellipt cal form 
if; ; We made our first casting on 27 Novembe 1858 
Modification of the blast furnace nd to the 31 December had made 1824 tons, about 
In the past, many steps were Mim to improve 900 tons of which were extra No. 1 of superior 
performance of the existing fummmmmam both t n- grade. 1427 were made in December which ts about 
crease the production of iron and to improve the 300 tons more than our furnaces ever made in one 
chemical or physical structure of the pig iron. The month on the start ana very much better iron 
: most common approach was to increase the height M A lo« n 1 letter dated February 24 1859 
=) if the stack, to change position, number and dia- stated. “We are now making over 30 tons (: hort 
: meter of the tuveres. and so forth. Changes in the tons) per dav with one f our furnaces showing a 
a slope of the bosh, hearth, and the contour line of the oint gmugmrity for making about 420 to 450 tons per 
ea tack itself were quite common. After introduction week. MEM tons per month) with less coal than 
e if the hot blast improvements . the process of before. when we made 250 to 300 tons per Week 
= heating the blast were practically unlimited, wit! vith the same machinerv. The iron is improved it 
aim eve perarol ne new ve Malin iality 
ducts, or stove burners. The basic design, however The EE in the cir- 
I 
remained practically unchanged since its introduc- cular 
. 
tion to the colonies in the early 17th century until 
let th F These results will be unquestioned. The very grea 
late in the urnace size and iron out- 
i it ( . ra ‘ ‘ mv. and 
tural development was not ile but rather into elliptical form which mav be done at com- 
was limited to specific EI ar The paratively trifling expense, and at the same time 
change from the 
+} 
= American blast fu 
- 
4 
4 
: 


This sounds like the language employed by pro- 


moters of a patent company and was taken at its 


propel value. It is of interest to record the reactions 


of the contemporary blast furnace men John Percy 
ne of the most widely known steelmen of this time, 


summed up as follows 


Compan) ippose. As to 


struction of an elliptical furnace capable Of pro-~ 
jucing 400 to 600 tons of pig iron per week is 
1¢ irea t De n about half of the furnaces ot 
the if np port nt Vie 1 ot n. It is 
far ntention by U mark to pro! ince 


St nother elliptical furnace was In operation Il! 

> 
the United States. This one was located at the Rich- 
Stockbridge, Berkshire 


Was 


available do not indicate iether the 


furnace or whe 


ry 


was converted to the ¢ iptical design sometime a 


ts con 


‘tion. It is known, however, that it was In 


operation in 1854, that is four years before Alge 


filed his patent application. The ratio of its hearth 
axes, a:b 1.36. is higher than those of known 
Alger installations (1.24 for Roxbury and 1.15 for 


Catoctin furnaces). This could indicate that the 
Richmond furnace was the first elliptical blast fur- 
he US and Alger copied the idea for his 
promotional scheme. The deficiencies of the elliptical 
nace pointed out by John Percy proved correct, 
and by 1880 not one furnace of this design remained 


in operation 


Direct reduction processes 

It is impossible to determine when the first at- 
tempt to eliminate or replace the blast furnace was 
made on American soil. It is certain, however, 
that there was a close relationship between such 
steps in the European and the American st¢ el indus- 
tries. The motive for this on both sides of the At- 
lantic was very much the same—the devastation of 


_ 


wt 
Furnace of the Richmond Iron Works, West Stockbridge, Mass 
Originally built in 1829, it was later converted to elliptical form 


Picture: American Iron & Steel Inst 


The next process also 


Exhibition in Paris there was a 


called Procede Chen named after its inventol! 
Adrien Chenot of Chichy, France. After much argu- 
ng and many re signat ns, the urv awarded ( henot 


he shaft. After reduction, the furnace bu n Vv 
covered up by finely ground coal to prevent reoxida- 


tion of iron, and the furnace was permitted to cool 
The mixture of sponge and slag was then dug ou 


of the furnace and processed in the conventional 


man spite of a great advertis campaign, 
the process found only few porters. At 
the International Exhibition in London in 1862, there 
were some specimens of iron and a model of the 
Chenot process, but they seemed to indicate fal 


rather than success. Subsequently, four 
ents were granted in connection with the Chenot 
process to the heirs of Chenot, w ho himself died in 


1855 


Blair process 

A modified Chenot process was introduced to the 
US in 1867 by Mr. T. S. Blair, who claimed to be its 
inventor. Blair’s reduction furnace consisted of two 
concentric cylindrical shafts. The outer shaft, o1 
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le 
It may be somewhat more difficult and more costly 
to elect elliptical ranstiol ation OF ing I ~ 
cula fur? than the Directors of the Alger 
- 4i-¥ “2 
improvement in quailty 
evidence more decided and more assertion Is re- Fe 
juired and so also in regard to the alleged economy 
in fuel which is stated to be 25 pct less than for the ' ; _ ; 
| 
dogmatically against Alger's principle \ an 
be only tested by carefully conducted experiments a 
forests in th vicinities of the plants forced the op- 
erate to <« kal + mn fue requirements 
+} » 7 to the no l decion 
ne nove: desig One of the earliest trials of the 19th century was 
Alger’s own two elliptical furnaces at the Hudson made in 1846, in England, by H. M. Clay. Experi- 
Co. Works were shut down after only ten years yt mental data of this process are not we ll know! It : 
existence (1896-1605) anda tour years of operation appears, however, that he successfully reauced, 1n a ae 
} Alger d were buil 
[Iwo other furnaces of the Alger design were bDuut reverbatorv furnace iron ore which was mixed 
n approximately the same period of time. The with finelv ground coal. According to Clay's own in- 
charcoal furnace of the Shepang Iron Co. at Rox- formation. the reverbatory reduction process sul- . 
bury. Litchfield County, Conn., was erected In 15606 fered under one very serious disadvantage high 
and blown out in 1869. It measured 1042 ft by S*2 I" coal rate which averaged 5000 to 7000 It 
in cross-section and 32 ft in height. The other fur- 
nace was an anthracite furnace at Catactin, Fred- After rejection of the process in England, Clay 
ericK County Md The axes of its ¢ Llix se were 11 “2 made several atte mt ts t alLOUst interest [01 nis a 
and 10 ft respectively and its height 50 ft. It was process in the US. There is no evidence however, = 
built in 1873 with a rated capacity of 95 tpd The that a Clay installation was ever In Opt ation here : 
exact date of th shut down f thic furna not 
known, but it was not included in the 1878 directory the Internationa) 7 
of the Blast Furnace Works of the United States 5: - 
mode lepictl t sO 
County, Ma The furnace mam originally built in the gold medal for his process, which was decla ed iy 
1829 and had the following dimensions hearth the greatest metallurgical discovery of the age 7 
11 1/3 ft by 8% ft, height 32 ft 
Cis! Chenots process Was Carrie i out in a rectanguilal 
- tower built of refractory material which was filled 
nace W Ether it with a mixture of ore and charcoal. Heat was sup- : 
ter plied externally by burning coal piles placed around 
| 


2 


LO ft! than the outer shell. Space be 


vas mixed with charcoal fines and char 
hallow hearth, closely re sembling that « 
ventional bloomery. The ore-carbon n 


subsequently covered with a heap of 


Jersey) or lump charcoal (Vermont) 
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tweet 


ged | 
of the 
ixture 
coal 

which 


Bla I vate rept 1icate 
Va pDulit ne vear alt the f t ne in easter! 
Pennsvivania, to supply an adjacent forge manu-~ 
facturing wagor whee! The literature does not 
how that tI! init was ever in operation. The orig- 
inal stack at Glenwood was shut down in the early 
70's, and was apparently neve! reactivated 

It appeal! that the greatest drawback of the Blau 
furnaces was not their fuel consumption, but thei! 
elatively low productiy in Glenwood 
eldom exceeded 2's tpd 
Champlain or New Jersey system 

Direct reduction processes in continuous Usé 
in still another part of the irner’s report or 
the metallurgi al processes ed in 1842, con- 
ta a reference to the Chan eduction proc- 
eSS€ according to which finely divided iron ore ot! 


Was 
(New 


Was 


Renton process 


then ignited. Combustion ot! the overlaying 


WS placed on the 


Combustion gases wert emoved 


40.000 


‘ jam of 
oncluded from the efficient operauion I 
¢ raduct 

hat the so-called Champlain aires reauc 
right futul n areas wh 


haps one of the mos nteresting 


ae 


_— 
hy 
l= 
x 
al!) 
bend 
=| 
—— 


Design of the Renton Patent Furnace, introduced in 
was never put into operation 


1854, which 


hell, measured approximately 4 ft in diam and was i fuel was 
; about 45 ft high. The inner shaft, or stack, had a maintained by two bel opposite 
e jiamete f approximately 14 to 16 in. and was up to ends of the hearth 
from the systen 
two concentric shafts was hiiea with ore-charcoal through a chimney located d ectlv above the hearth 
a, mixture, usually prepared with 2 parts of ore and 1 Turner visited a Vermont reduction unit w! ch pro- 
part of cha coal. Blair claimed bette! utilization of du f || } on per yeal and 
at nis tnal that ot the Chen rt proce the unit 
. because of the better heat transfer in the narrow ‘ n proc- 
PAS pace between the haft which measured betwee! P ere erec- 
“e 4 and 5 in., as compared to 19 to 16 in. in the Chenot tion of modern and integrated iron works would b¢ 
by Proce too expensive or too risk) Judging from the numbe! 
. In the Blair process, heat was applied or ly to the ef forges and bloomeries in existence in the US at 
uppel LU ft f the oute! (trom nsl le while the cl se of the 19th century nis prea ctior Was 
the lower portion was used for cooling spong in the essentially correct 
educing atmosphere of carbon monoxide This made 
. the proces yntinuou ne. and according to avail- fF 
a able informatior showed a much Dette fuel econ- 
he Cl 
ymv than the Chenot process = R 
posed in the last ntu ' e Renton Fraten 
Management of the Glenwood Works near Pitts- Furnace for making wrought iron from ore Intro- 
Durg?r eported Tuel con imption at 2700 lb of coal duced in 1854, the Renton } ces was Nalied DY 
i and 800 lb of charcoal per ton of sponge. This Is leading scientists of the day as the most adval ed 
> at it 500 Ib i than the average fuel ate I tne process fe ! jucing iro! Finel crushed al i 
contemporary coal blast furnace. However, the re- ted ore was mixed with approximate!) 20 pet of 
juirement that o1 charcoal could be used wit! carbonaceous material (antl te preferred), and 
the cl we I ie the column ndicate that fuel ¢ st heated in a vertica square haped shaft containing 
x ‘ ght n excess ol blast furnace perating 16 individual reduction ¢ imns ; winged in fou 
niv with bituminou oal. An attempt was f four. The reduction columr vere vertic: 
it 4 nuent B Ise the etal the a) it 24 square chambe epa ated bv i¢ 
“ ew Siemens-M tin (open hea th) proce Bla ijuct Flue and hambe were lined with refrac- 
2 explained tnat the ipernatant lag p tected the ‘ y | ck. Bottoms of the educt n chambe were 
m tne xia ng action of the closed by steel aoo which could be perated I 
Coa ng plane though general opinion indicated other- outside ‘The entire reduction shaft was cated 0! 
: vise, TI e used in the Glenwood furnace Wa top of a hoppe which in turn was connected to a 
I intail M ou and contained melting hearth equippt i with a sepa ite combustior 
pet L, f metal OF in the proces ranged cnhambde lr the cnamobe! whicl Wa ad t tne 
from 15 to 17 pet hearth. coal was burned with air and the heat gen- 
; The chief advantage of Blan direct reduction erated was used to melt rt juced iron ore 
process was that the metallic sponge usually con- The duratior f the reduction process in the « ba 
: tained only a fraction of the phosphorus contained imns was reported to average 12! Thus, every 45 
the e, whereas the blast furnace contained prac- min one of the chambers would be opened and the 
; tically all of t. In view of the inadequate refining e juced material discha ged into the hea t} Waste 
“a of tos 4a) conceivan™ that Pant from tne hearth were ised tt heat the re juc- 
lirect reduction processes producing low phosphoru tion shaft by passing through the flues to the ex- 
metal were quite attractive to steelmakers b ¢ chimn 
haust chimney 
te) 
nto a 
on- pees 
— 


As far as could be determined, no installation of 
the Renton process was ever built here or abroad 
The revolutionary ideas of Renton were probably 
too advanced for an iron industry thriving on the 
new leveloped anthracite furnace. Approximately 
ne centul ate the reception of his ideas might 
have been an entirely different one 
Ruthenberg process 

Shortly after the turn of the century, great pub- 
city A itlained Dv the o-called Rtuthenberg 
t ce vented by Marcus M. Ruthenberg of Lock- 
port, New York, in 1902 or 1903. In 1904 he formed 
the Ruthenberg Reduction Co. at Niagara Falls, N. Y 


lrre! igt ipnite elec ode placed ver- 
( I he ce ( ne ice Duras ihe mag- 


Vertical retort processe 


H. W. Morse reported the results of vertical retort 


tests W ch he conducted in October, 1917, in Fitch- 
burg, M The t tests of the project were car- 


n e 1n a Datterv of eight ret The G! -West 
etort ised ordinarily for ¢ 

and measured 18 x 3242 in. at 

I n top, and 24 ft in height 

iture f et Was 

ire Morse succeeded in producing satisfactory 

grade of sponge analyzing 69 pct Fe. His report does 

not provide information on the iron ore used in the 

experimental runs, but it appears that a very low 
ade was contemplated for eventual commercial 


application, since Morse recommends that the iron 
content of the final continuous product should not 
exceed 40 pct. He also recommended that future ex- 
periments should be done in a smaller retort made 
of carborundum bricks, to assure better heat trans- 
fer than that of clay lined retorts. The tests were, 
howeve never renewed, and Morse’s process drifted 
into oblivion 

The Irving process employed a vertical retort into 
which a mixture of finely ground magnetite and 
limestone was introduced continuously from an up- 
per chamber. In the reduction chamber, magnetite 
was reduced by a stream of upcoming CO preheated 


reduced material 


dropped into an electrically heated crucible 


to approximately 700°C. The 


completely reduced by coke fines which were added 
at this stage, and finally melted to steel. The Thorn- 
hill process was developed at the Chino Copper ( 

at Hurley, New Mexico in 1919. Chino retorts were 


made of carborundum brick enclosed in refrat 


tr 


brick and heated externally with oil. Fine magnetite 
was preheated in separate shallow hearths located 


above the retorts with waste gases. Ore and coa 


mixed in 3 to 1 proportion were showered into the 
toy f the retorts. Reduced material was discharged 
into cast iron hoppers, which were isolated from the 
reducing gases. After initial difficulties with slag- 


ron was obtaine 


Rotary hearth processes 

Around 1920, the rotary hearth and rotary kil 
importance. The Chino 
Copper Co. rotary hearth furnace was developed bs 


1920 


processes began to In in 


It consisted of a 


Tem 


1000 ¢ The hot sponge was 


The experiments failed because 

ture of the reduction gases, which had to be main- 
tained between 500 and 700°C in order to prevent 
warping of clay tiles of the chamber lining 


Rotating kiln 


In 1921, F. E. Agnew proposed a new method fo! 
the reduction of ore by oil gas in revolving kilns 
superimposed 


to recuperate 


1corporated two 


upper was used 


t reducing gases streaming from 


heat con 
the lower, reducing unit. Reducing gas was obtained 
by spraying atomized oil onto the surface of a su- 
perheated carborundi 


m plate. The gas was reported 
] 


ontain considerable amounts of hydrogen and 


carbon monoxide, but no detailed information on 
the results of the experiments is available 

The story of unconventional iron smelting proc- 
esses is a continuing one. The gas reduction idea is 
gaining impetus over the entire world, and 
strong indications that eventually it will be success- 
ful. The British cyclo steel process is a reversal of 
the standard Bessemer steelmaking process. Droplets 
of liquid ore are suspended in a high temperature 
gas, and metal is separated from waste by cyclonic 
whirling 

The final pages of the chapter will be written in 
the future, when the so-called unconventional re- 
duction process will be just as conventional as our 
reliable blast furnace is today 
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aap 
‘ 
he 
Actually, the process represented a modification of ging I ore the carbdorunaum walls, the re 
the Chenot I Ces and like the latter. iron was re- were line aii in graphite layer fooa 
1uced from magnetite heated in presence of carbon i. 
The proce was carried out in a column approxi- ; 
mately 30 ft high and 7 ft in diam, built of refrac- 
torv brick. Heat to the svstem was provided bv elec- I 
netite the burden, which was connected to the Thornt nd Ande 
por The Compa! single circular rotating hearth enclosed under a 
bt 11700 hn f rr) th » Fall< Pow Ty } 
Dtained 12UU hj e Niagara Falis rower brick dome. The hearth was rotated from below by 
and ‘ irnace wi: chedauled to begin operation in ears, while the hearth was scaled from the lowe! . 
= chambers by a special flange. The charge to the fur- 
ine « DNusine 11rec \ f Niagara Falls listed nace consisted of a mixture of fine ron ore (ap- Al 
the Ruthenberg Reduction Co. in 1905 but not proximatelv 30 mesh) with 35 to 40 pct carbon coal : 
Ca tile (low temperature char). The mixture fell into the 
— Ce le erated. The Ruthenberg stack center of the hearth and was moved to the periphery e 
va ea! Niagara Falls, and even iG by stationary rabbles. Mlperature of the charge 
whnicn Wa tendea t make the citv one f the steel cooled by a water cooled screw convev« ti ibout 
40°C and then passed over a magnetic drum to re- 
m processes Whic! move excess carbon from the iron material 
were jeveloped osed nm the lk st 50 s verv on 
proj The rotating kiln process of the New Cornelia 
mpresslve a of them survived the first stage sci ly 
. sesh Copper Co. at Ajo, Ariz., was tested extensively as 
f experimental evaluation, but several processes 
far back as 1912 by Croasdale, who attempted to 
whicn were eventually tried On plot pla care In prepare ponge iron from roasted pvrite residues 
— 
ried out in a continuous fireclay retort of the Fitch- 
ds 


iow grade 


R-N DIRECT REDUCTION PROCESS 


by Alex Stewart and H. K. Work 


Republic Steel and National Lead have combined forces to produce a 


re’ reduction process spec fically adapted to lI 


Oya reduction of iron ores by the R-N process 
Is a ont development of the Republic Steel 
Corp. and the National Lead Co.; work on the process 
has extended over the past thirteen vears. After an 
extensive laboratory study, a pilot plant was con- 
tructed in Birmingham, Alabama. which to date 


as successfully treated over 100.000 tons of iron 


The process is an extremely versatile one. It can 
be used economically for treating low grade ore of 
25 to 45 pet Fe content, and it can be used equally as 
e fol 


the production of metallics. The product is useful in 


blast furnaces and cupolas or it may be used directly 


economically for the treatment of high grade o 


in open hearth or electric steel furnaces 
Economics 

There are a number of basic economic reasons fot 
the development of direct reduction processes for the 
production of metallic iron as well as high grade 


iron concentrates: 


e High grade open pit iron ore reserves within the 
US are rapidly being depleted 

® Metallurgical coking coals are becoming less avail- 
able and more expensive, resulting in the considera- 


ALEX STEWART and H. K. WORK are with the National Lead 
Co. ‘retired) and New York University, respectively. Paper pre 
sented at the AIME Annual Meeting, New York, February 1958 
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S ores, hign and 


tion of cha and the need for higher grade ron 
feed stocks 

® Capital investment for blast furnaces becomes 
more precarious, unless high grade feed can be 


leveloped on a competitive economic basis with pre- 
sent feed stocks, particularly in foreign countries 

® Direct reduction process for production of metal- 
lics and electric melting furnaces, for new installa- 
tions and for those requiring increased steel capa- 
city, offers the lowest capital investment 

e Of the low grade iron ore reserves in the United 


States, the ratio of non-magnetic ores to magnetic 


ores is of the order of 10 to 1, and are the basic rea- 
son for the development of an economic direct re- 
duction process 

® Direct reduction supplies metallics of uniform 
composition at a uniform cost, not to be had with 


scrap iron 


Several rather pessimistic reports have been pub- 
lished lately,”° which give the following as reasons 
for the economic failure of direct reduction: 1) rich 
ore is required, 2) the ore must usually be fine and 
intimately mixed with the fuel, and 3) no practical 
method has been found to mix the ore and reducing 
agent so as to leave no excess of either iron or car- 
bon 

Over forty direct reduction processes are consi- 
dered in a recent Bureau of Mines Publication‘, three 
of which have achieved some commercial application 
in Europe: the Swedish Wiberg-Soderfors Process’, 
the Sieurin (Hoganas) Process’, and the Krupp- 


‘ 
ores 
* Patents issued and pending 
4 


Renn Process . This latter has been the most extensi- Objectives of the program: 


vely used, but suffers from the limitations of low 


e To pilot the process on a sufficiently large scale so 


sulfur fuel requirements, a tendency to form rings 
+ » recilt< cory he <c; > unt l cizve nl: 
and accretions, and frequent relining of the hot zone the results could be scaled up to a full size plant 
f the rotary kil! © To produce sufficient material to allow blast fur- 
rently there are several processes unde: nace, open hearth, and electric furnace test 


e To study various ores and carbonaceous reduc- 


ment in the United States. These may be 


fly summarized as follows 


tants available in the United States 


Process Reducing Agent Equipment As indicated earlier, direct reduction processes 
have not to date succeeded for a variety oO!f reasons 


overcom 


processes. Factors playing an impor- 


development of a direct reduction pro- 


he Ww 


well the above 


methods are accomplishing their objectives, since 4 
1.) Tests to determ » the characteristics of 


National Lead Co n particular its Norwegian 


subsidiary, Titan Co. A/S, Fredrikstad, N 


4.) A charge designed to eliminate clinkering in 


extensively studied the various phases I an : 
tion of titanium dioxide minerals from its associated a ‘ . 
successful trials involving OC bust 
electric furnace sme lting, another process Was ievel- reauc 
7.) Beneficiation techniques involving both mag- 


yped involving both direct reduction in a rota 


follows 1 by electric smelting The R-N Process crew 


netic and/or gravity separation after reduction 


roducts 


coke breeze were sent to Norway for pilot plant oretical aspects of reduction of iron oxides by carbon 
tests. Half of this was te washed ore from the monoxide are sufficiently well known to avoid need 
Tobin mine, and the remainder was non-magnetic for repetition; theoretical aspects of the sulfur and 
taconite from the Marquette range. Results produced phosphorus elimination will be the subject of an- 
a concentrate of about 85 pct total iron with an over- ther paper. Suffice it to say here that under certain 
all iron recovery of about 85 pct conditions of operation, the limestone present in the 

Having established the technical feasibility of the charge, and other factors. keep these elements unde: 
process for American ores, it was felt that any fur- good control. Discussion of the R-N Process will 
ther development of the process should be carried on center around the process and the equipment that it 

ores found in this country requil 


Flow sheet for the R-N pilot 
plant. The concentrating cir 7 
cuit following the kiln is de- ‘ k | 
signed so that the materials 
flow may be divided in the first 
stages of grinding and concen- | 
tration, separating rich from | 
lean concentrates. Recycling of 
coke breeze or carbon has been 
found to be much more effici- 
ent and economic than work- 
ing with an excess volume of 
gas and recycling it 
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be 
= H Fluidized Bed Hence, it 1 nteresting to consider how the R-N i 
A.D. Little CO:H Fluidized Bed Process the earlier difficulties encoun- 
Nu-l iidized Bed 
Madaras Reformed natural g Retorts red SU) 
ORF CO:H Traveling Gate 
cess aft 
It is too early to determine 
ore under consideration; 
2.) Effect of particle size and composition of ore 
fT f pal n mposition of 
Development of the R-N Process and density of the metallic iron on the behavior in a 
the 
CO | 3.) Completeness of reduction 
8.) Proper agglomeration. 
In the period 1943-1950, tests were made on Nor- 7 
wegian ores, and it was then decided to determine Taking into account these considerations, it is ah 
the applicability of the process to American ores possible to treat a wide variety of ores and obtain - 
Some 2000 tor f low grade re ind 500 tons f DTZ low I ilfun ind phosphorus. The the- a 
“ R-N PILOT PLANT 
| 
| 
| | 
| 
| ¥ 
| 
| 
“ot 3. ‘ 


The R-N Process 


Rotary kiln, looking toward the discharge end. The rotary cooler 
is in the background 
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Rotary cooler at the R-N pilot plant, which reduces temperature of 


the kiln discharge 


treated 

oxide, W 

se} aratol 

that 

make 

more, 

aration provides an oj 
recovery. This is one 
the excellent recover! 
centrate or products 


Product characteristics 


req 


dil 


passive 


prevents 


ia 


inusual fea- 


ract 


material 


In general, two types of products result fron 


process One, where he free 

In eXCess ¢ 90 pct and the 
95 pct, contains less than 
approximates pct 


of 70 pet, and silica 


ratio of these two products 


standard grade, is dependent upon the 


treated. With high grade 60 pct 


( 


ores, 


mately 100 pct of the i contained in 


converted into 95 ‘t metallic 


iron recovery in the same orde 


high grade product, la 


prepared for open hearth or ele 


compacting in an hydraulic bt 
ducing briquettes with density 


from 25 to 30 lb each 


ire 


gel 


m 


and 


o! 


be 


‘tter, with 


approxi- 
the ore is 


silica less than 


metallic iron, 1s 


ic furnace feed by 


iquetting 


of 


to 


press, pro- 


6. 


weighing 


— 
4 4 
4 
Crushed and sized ore balled fines (depending S., 
ate n the character of the ore in the size range of up to . 
i in.) fed to a rotary Kiln. Size requirements ito! ry 
cele a given ore are largely predicated on the clinkering yy — 
Pah characte th of the ore Along with the ore there oT Dees 
fed nt tre K nan excess Of solid carbonaceous =r 
rue nan amount several times the carbon require- — & 
ment, resulting in recycling 75 pct of the carbon 
ag f e- Use 
toichiometric carbon requirement. Limestone and 4 
1 mitic limestone, depending upon requirements, 4 
a red arre re ¢ nialhec = 
ne ore, and in the solid carbonaceous fuel The 3 
tue may be coKe breeze char, Disco, culm, \ 
a anthracite fines and the like 
ie 
bo The kiln may be fired with gas or oil. It is 
me equipped with air tubes with inlets spaced along 
he eneth of the kilr for control f the tem- temperature zone Is in the rder of 3 to 5 hr at an 
yes erature and to control the composition of the at- average rate of 7 tons of ore per hi reating US 
nosphere Regular plant personnel and labor are Southern Clinton ore 
esponsible f operating the pilot plant As the Materials discharged from the kiln are cooled 
e trave th igh the kiln, counter current to the either slowly or rapidly as jg usremeents dictate 
‘ flow of heat, the ore is dried, preheated, and re- This maintains the iron in a mp condition t 
ee juced. Of particular importance ts the fact that the corrosion and thus effectively J reoxidation 
i eau 0 aiway conducted at a temperature be- and loss of metal value 
ne Kiln discharge materials are separated by screen- 
ta contained m cnarg ing and by gravity and/or magnetic separation 
Excess solid carbon fuel is cleaned iewatered, and 
The de ed temperature gradient and heat re- returned to the kiln for re-use. The magnetic por- 
lease tl! igh the kiln t perform these functions tion containing the reduced or metallized iron is 
»btained by introduction of air for combustion freed of gangue by grinding, magnetic and gravity 
at the a tubes along the length of the kiln The separation procedures 
ed temperature gradient along tne is read The beneficiation step has several 
‘a established and positively maintained. The gen- tures. which stem from the nature of the HZ 
eral operating range ot te mperatu e used for reauc- of the k lr is not a magnetic 
tion on US Southern Clinton ore ap ximated 1800 moved from ores by magnetic 
3 to 2000 F; other ores may require a different range metallic iron. This means 
semperature and reten 1 time in the Kiln for an i gravity that 
; particula r guided bv time-temperature re- vy fron ts gangue. Further- 
\ if Rati I 
- 
, julrement, act jing to the ease of metallization of f magnetic and gravity sep- 
& the re. and rejection of impurities which Nave Deen timum degree of overall iron 
. predetermined in laboratory tests The average res- f the factors contributing to 
4 dence time required in the optimun perating ; of iron and quality of con- 
: 
- 
> 
} 
a r metalil¢ ron 
t Si. In the other. total 
* tallic iron comprises a 
mit ranges up to 8 pct 
thc hich grade to 
f 2 
‘ 
» 


grade product is prepared as blast 


furnace feed by briquetting in a low pressure 
is procedure 
briquette with an 


However, desirable, large briquettes may 
duced by use of 


seed 


a high pressure press 
process Is the fact 
well known t 


nal 


yuthern 
high grade product 
irnaces, while the 


suitable as bl] 


and more economic removal of 


tain types of low 


the R 
ated to produce two end 
alike in 
briquetting step, 
N product. Further, in th 
grade ores, and where 
idard grade 
where the quality of the 


in total 


gan 
grade ores, 
ope I 


+ tialls valit 
ubstantially quailty, 


to the 


concentrat 


ron, 


to briquetting 


Excess coke recovery table at the R-N pilot plant, where approxi- 
mately 75 pct of the total carbon is recycled. In the background is 
the ball mill 


Cost of producing R-N products 


for the most part can not be 


should be associated with a giver 
given type of raw materials 


that where low grade are 


should 


however, 
the 


ores 
installation be located close to 

this is not the 
Once a location is selected, the 


‘stimated 


sive shipping charges; necessarily 


rich ores 

purpose of indicating costs of production 
to provide a basic presentation, we are present- 
estimated elements making up 
the estimated production costs on US Southern Clin- 


Table II 


and 


ing a table of cost 


ton ore, 


Capital cost 
Capital cost R-N 


ore, Is 


estimate for an Process unit, 
treating US Southern Clinton described in 
Table III, based upon an estimated annual produc- 
tion of 400,000 gross tons of R-N products 


press 
rovides the conventional peach 


approximate density of 3.5 


The estimates shown are based upon 
tallatic Furthe! 

equipm 

be bDulit 

in Europe 


design and can 


Use of R-N concentrates 
R-N itra 


lave been 


nace 


» charged 


ig care 


were con 


added om nen and not as 


parts 


The 
uf n 
riod 


mate saving, Period duced su 


icti 


coKe savings as compared t nareing 


Process control panel, ball mill, and magnetic separators at the 
R-N pilot plant 
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current 


al 


The standard es — 
e ipstan- 
tandard 
in thic 
pro- cr lent cost 
sit ana ervice aeveliopment, ana engineering, are 
A significan that shown as separate categories 
it uses standart the 
mineral industry and suited for the Mmndling of 
large tonnages economicalls The nature of the 
product obtained from | on ore is used in substantial 
shown in Table I The } . In the open hearth, 
for direct use in steel f tandard ana tne electric rurnace Vhere the silica is low, it 
i is generaliv ad nta Mus TO ca th hrioguettesc di- 
nace feed rectiv in tne pen hearth or electric furnace The 
Wor hettes latter has been done successfully and is reported 
content I ce elsewhere 
Process mav | In the blast furnace. the effect is to decrease the } 
ucts whic ‘ coke consumption and increase the throughput due 
te ¢ + +) moc ly y 
be con bined | on tne tact na nost of the iron Is aireaqay reduced 
in only one R | Thus the blast furnace furnishes a relatively inex- 
of certain low pensive way to melt the iron and to complete the 
refining operati 
high grade t 
Six thousand tons of R-N briquettes 
hich in a Republic Steel Corp. blast furnace during - 
ful ) ( > runs rigquett 
products may be combined prior [EE ully controle i test run The briquett cama - 
sidered as a 
replacement material for any specific 
4 The test was divided into four 1) base 
period, regular burden, 21 days: 2) 7 pct briquettes 
in burder 17 Jove 3) 14 pet briat ++ im hiird 
* 11 days: and 4) terminal period, 15 days 
n con it ine riquettes Was ii pcl as 
yy compared to 39.1 pct Fe for the balance of burden 
materials on a dry basis. In the first period of 21 
oe days, only regular ore burden was run, but in the 
> second period, 7 pct of the burden by weight was in 
; A th forn R N rig tt we 
the higher iron content of the briquettes, this 7 pct 
total iron unlts charged to the furnace Similarly, 
in the third period, 14 pct of the charge was R-N 
Oriquettes, representing about 21 pct of the ror 
: 4s oO the turnace The fourth period was 
+ 5 regular Durden once more 
analysis of results compares the average of 
rmal operating periods (1) and (4) with Pe- 
2). and then with Period (3). As regards 
stantial 
2n equivalent 
> si 
mine - « 
4 
| ig’ 
* \ 


quantity re; it was calculated that this saving 

nounted to approximately 0.49 tons of coke per 

ton briquettes used. The pig iron production of 

the furnace v increased approximately 10 tons 
pet of briquettes added 

re Was an additional coke saving, 

was sl y less than had been expected. The 

reason for this is probably that operation during this 

period was not as smooth or typical of good opera- 

ods; the furnace could not be ad- 

imum operation with the burden 


fy 


period ot st 


‘ 

important economic benefit from 
‘s is the lower phosphorus con- 
produced. This is particularly 


t because of the high phosphorus 


an 
South. In this industry, it was necessary 
of low phosphorus steel scray 


the castings 


contents 

as 50 pet steel 

cupola charge this account. Re- 

ligh grade ores have been imported to mix 


suthern ores to he 


Ip control the phosphorus 
but the advantage of a low phosphorus raw material 
the blast furnace from local ores in the form of 


ttes can readily be seen 


How R-N products fit into the steel industry 


The high grade product is often looked upon as 
a competitor of scrap and, in a way, it is. Scrap is 
a by-product, the price of which fluctuates widely 
on a supply and demand basis. Likewise its quality 
fluctuates widely and it may contain harmful resid- 
ual elements. R-N briquettes, on the other hand, 
would show the stable price patterns of a manufac- 
tured product like pig iron 

It would be wrong, however, to look at high grade 
R-N concentrates as being just a competitor of scrap 
Where a new installation is being considered, there 
is every indication that the combination of an R-N 
plant with electric furnaces would in many cases be 
more economic to operate and involve much less 
investment cost than a blast furnace-open hearth 
combination. Under such circumstances, the R-N 
product would be competing both with scrap and 
with pig iron produced from ore 

The standard grade concentrate is of such nature 
that it will probably be most suited for blast furnace 
use. Its value here should be quite high and can be 
readily calculated in terms of iron cost 

The statement is frequently made that direct re- 
duction methods are only suited for use with high 
purity ores. However, the R-N Process economical- 
ly treats ores of a wide range of iron content. This 
allows taking advantage of the fact that the value 
of iron in ores may range from 5 to 10¢ per unit of 
iron (22.4 lb) in low grade ores to 20 to 30¢ per unit 
in high grade ores or concentrates. Since the ore 
represents a large part of the cost of the final prod- 
uct, it is clear that the extra cost, if any, of process- 
ing the low grade ore can be easily offset by the 
lower ore cost. 
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Table |. Results of Treatment of U. S. Southern Clinton Ore 


Standard 
Dry Ore High Grade Grade Cone 
Pet 


onstituent Feed, Pet Cenc., Pet 


Table ||. Summary of Production Cost Elements 


Units per Gross Natural 
Ton of Briquettes 


00 G.T. Nat Tot 
1000 GT. Nat Tx 


Total ),000 G T. Nat 


90.0 Pet 


82.3 Pct 


Table t1!. Summary of Preliminary Capital Cost Estimate 


ial Productior | 400 


nual Ore Feed ( 


ial Handling : . 000 


| Direct Equipment Insta 


velopment 2.000 
000 


| Other Direct Costs, $ 
nstalled Horsepower 10.080 


252.000 
501,000 


9 
cy l 
ind Operating Supplies 600,000 
ndirect Costs, $ 


Total Cost, 


Estimated Annual Production— High Grade, G.T 
Standard Grade, G.T 
Estimated Cost per Annual Gross Ton of Capacity 
based upon Direct Equipment Cost, $ 
Estimated Cost per Annual Gross Ton ¢ 
based upon Capital Cost, $ 


f Capacity 


000 


l4 


4 
19 


O87.000 


924,000 


353,000 


164,000 


280,000 
120,000 


35.22 


48.41 
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yo P. E. ¢ gh: Dir Reduct P esses f Iron Ore. W | 
Met irs ngress. 1957 
a E. C. Smith and D. E. Babcock: Reduct f Ad jack M 
C e ¢ ‘ tes iv e R-N Process and Meltir Tests on the 
i 8 etted P t. AIME Annual Meeting, New York, February 
95 
In question aul 
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‘ 
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mp In 
Tot 49 82 
the use Net ae 
\ 2 
reduce Lime 7.6 24 4.7 
Viagne 0.4 0 08 0.62 
Many oO! ‘ 04 ‘ 
scrap i Sulfa 0 0: 06 
centl 
Over Rex fl 89.0 pet 
R-N brique 
Tot Ir contained Ore, Pct 49 
Tot Moisture nts ed Ore, Pct 41 
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, | t t ed in Coke or Char, G.T. D 0 468 
Limestone, G.T. Nat 0.139 
| Fuel, Million Btu 9.33 
] Electrical Energy, Kwt 127 
] Water (Make G 116K 
aa Grinding Balls and Liners, $ 0.21 
%, K Re ng A vance, $ 0.20 
3 Briquetting Pres tools and dies ~ 0.22 
All Other Maintenance Labor and Materials, $ 1& 
Laboratory—-Labor and Materials, $ 0.20 
Direct Operating Labor, Man Ht aie 
Supervision, Man H1 0.06 
T Waste, G.T. Dry 1.601 
Annu 
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2 Reduction Sectior 1767 5.534.000 
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Vacuum-Flow Steel Degassing 


A Journal of Metals Exclusive from Germany 


by F. Weston Starratt 


uw steel degas 
for low-cost degassing of steel for lk 
HE Henrichshiit of the oldest steel plants 
in Germany's I was founded more 
Cou Henrich zu Stolbers 
Passing through various ownerships, 
f Ruhr AG during late 
damaged during World War II, 


endured the dismantling of a large 


>», one 
century ag 
gerode the 
plant 
twenties 


the pn] 


he pli 


became rt <« the 


Severely 
int late: 
open-hearth furnace, the electric furnaces, and a 
l The steel 
have beer 


and t day 


ing and cast- 
shops 


re 
re- 


the 


cent years, the forging sho one of 


] 


largest and most modern in Germany 


plant’s present production program 


important 


weighing up to 


shafts, 


S, I k-up rolls for steel rolling 


crank 

iaft 
ills, wheels, axels, and many other products 

1a program of heavy forgings, the prolb- 

flaking, resulti from contamination by hy- 

has of primary 

irm and resulted in a research program 

vacuum Work 

Her- 


and other ga been con- 
degassing 


the 


toward 
foreward in 
f Hanau, Ger 


uum pumps and various metallurgical equity 


tion with 


connect 


nany, the builder 


ment 


Operation appears effective and low in 
cost 

The vacuum-flow 
Heinrichshitte has 


tion for months 


steel degassing developed at 


been in commercial 
with apparant 


have not vet been released 


now oOpera- 


over 6 success, al- 


though operating figures 
by the firm 
for the installation are obviously 
all that is the small 
with pipes and 
pumps with auxiliary equipment 
The apparatus is reportedly capable of bringing 
hydrogen, nitrogen, and oxygen content of all types 
of steel to as low ‘e obtained in vacuum 
The operation is carried out in 
normal steel ladles of capacities between 60 and 80 
metric tons. 


costs 


quite low, since is 


vacuum 


vacuum 


required 


container connecting the 


the 


levels as ar 


casting techniques 


For all types of steel 

This vacuum degassing process is adaptable to all 
types of carbon steel—rimming and killed—as well 
as most alloy steels. At the Heinrichshiitte, it is used 
both on open-hearth and electric-furnace steels, but 
it can be adapted to other steel-making practice. In 
all cases a special effort is made to remove furnace 
because of its high oxygen content, but with 
some alloy steels a special slag is made to cover the 
steel in the ladle during the degassing operation, 
thereby preventing excessive oxidation 

The degassing operation in the 60 to 80-ton ladles 
requires from 12 to 15 min. The cylinderical con- 
tainer with two pipes protruding is lowered into the 


slag, 


sing te 


c 


in the development stage by one of the Ruhr’s oldest steel plants, this 


hnique appears to hold great promise 


‘ge forgings and castings 


es extend below 
is shown 
author 


bath 
level o 


1, which the 


he 


quantities 


*auses 


vacuum reate iT the r 


but l 


small 
end of one of 
causing a flow of 
ipes, through the con- 
A vacuum of 0.1 
Between the 


iowel 


net- 


ipe 
containel! 


is a cyclone dust 


Schematic diagram of the vacuum-flow steel degassing apparatus 


The vacuum 
three Roots I 
of 28,000 cu m per 


pumps consist of an initial series of 
arallel with a pumping 
pacity hr. This is followed by a 
second series of two Roots pumps in parallel with a 
capacity of 6000 cu m per hr, and one further Roots 
pump of 1000 cu m per hr capacity. The final pump 
pump, with an eccentric paddle- 
it has a capacity of 750 cu m per 
gases through a pipe into the at- 


In 


ca- 


is a water-ring 

wheel-type rotor; 
hr and exhausts 

mosphere 

The degassing process may be continued until the 
proper gas level has been reached. Continuous sam- 
ples of gas are taken from the final pump and anal- 
yzed in an Orsat apparatus. It is on the basis of this 
analysis that the end point of the vacuum degassing 
process 1s judged. 

While little information has been released on this 
new process for the removal of gases from steel, it 
is certainly worth noting, for it appears to be an 
effective, low-cost technique for producing flake- 


free large forgings and castings 
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the ladle until the 
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metal level to rise in both } 7 
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the protruding pipes, thereby 
al up one the connecting 
tainer, and down the other i 
mm Hg is maintained in the J 
container and the vacuum pumps 
OEE catcher, as shown in Fig. 1 
The 
centrated in large forgings, with castings up to 200 —— ; 
tons and medium plates also occupying an 
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“O.L.P.”: OXYGEN, 


LIME-POWDER INJECTION 


A NEW STEELMAKING PROCESS 


Controlled injection of lime powder suspended in oxygen results in an easy 


dephosphorization of p ron any initial phosphorus content. Resulting 
1S ery tou msutfur and nitrogen ads weti 


by B. Trentini and M. Allard 


N the choice of a process for refining pig iron, the 
initial phosphorus content of the iron has, for a 


long time, been a predominant factor which deter- 


mined the process to be chosen 


The problem of high-phosphorus pig iron (about 
1.8 pct P), particularly frequent in Europe, received 
one solution long ago in the basic converter process 


This process is now seeing a considerable revival 
through the development of control of the operation, 
as well as through the employment of new tech- 
niques, such as the use of oxygen-enriched air, o1 
mixtures free of nitrogen, and the blowing in of 
owdered products, developed by IRSID 

In the field of low phosphorus pig irons, there ts 
a rapid increase in the use of the LD process devel- 
yped in Austria. With growing success, this process 

attacking a domain until now almost exclusively 
eserved to the basic open-hearth in America 

The extension of this process to pig irons having 
more than 0.3 to 0.4 pet P, and especially high- 
phosphorus iron with 1.8 pct, has encountered some 
difficulties in the production of low-phosphorus, 
high-quality steel. Because of the importance of the 
problem, numerous attempts at the application of 
the LD process to pig irons with high phosphorus 
contents have been made, mainly in Europe, during 
the past few years Recently, the Austrian steel- 


makers have shown that with the use of fluxing 


B. TRENTINI and M. ALLARD are with IRSID, the French Steel 
Research Institute, St-Germain-en-Laye (S & O), France. This 
paper was presented at the AIME Annual Meeting, New York, 
February 1958 
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ents such as fluorspar or bauxite, the LD process 


could be applied to pig irons with up to 1.2 pet P 
and recently a French steel company, la Societ 
les Forges et Acieries ole Pon pey, has extended 
that limit up to 1.8 pet P, or il ndustrial scale 
producing high quality steel of open hearth grad 
It has also been shown that high-phosphorus pig 


iron could be refined with pure oxygen in a bask 


open-hearth furnace 

Moreover, the rotating furnace technique has 
given birth to two new industrial processes for the 
refining of pig iron of any phosphorus content: these 
are the Kaldo furnace and the Rotor furnace 

In order to avoid either the employment of large 


quantities of fluxing agents such as fluors 
IRSID has 


on an industrial scale, another solution t 


use Of a otating furnace, 


ing of pig iron of any phosphorus conten 
ess, based on the control of lime powde: 


gen stream, can be applied to the whole 


phosphorus contents, from low-phosphoru 


to those with as much as 2 pct P 


New IRSID process 


The injection of powdered materials capable of 
reacting rapidly with a metallic bath has long been 
considered, and for several years IRSID has pur- 
sued a systematic study of “metallurgy by injection 
of powders”. This research has already led to known 
industrial developments, such as the desulfurization 
of pig iron by powdered lime, the treatment of 


siliceous pig iron in the Thomas converter,’ and con- 


+] 

; 
ag 
| 

| 

La 
, or the 
leveloped, 
the refin- 
t. This proc- 
~ in an OXV- 


th 


it 


trolled thermal adjustment of the operation In 
converter. 

Numerous technical developments made during 
these research projects, as well as the acquisition 
of new fundamental data, have led IRSID to expand 
this technique and to combine it with the well 
known use of a lance, blowing oxygen into contact 
with a bath of liquid pig iron 

This new process is characterized by a complete 
modification of behavior of the jet of oxygen which 
strikes the bath: this is obtained by control of the 
suspension in oxygen of finely divided lime, which is 
utilized in concentrations varying with the nature of 
the iron and the phase of the operation Compared 
to other classical oxygen-blowing processes, the 


modification of the behavior of the jet realized in 


this new process leads to fundamental differences in 
the refining, such as ease of dephosphorization for 


any phosphorus content in pig Iron, no need for 
fluorspar, no foaming due to high initial silicon, re- 


duction of red fumes, and longet life of lining 


Initial tests 

The effectiveness ¢ 
by small-scale tests on 300 kg and 3 metric tons of 
metal respectively, and afterwards, on an industrial 
scale. in an installation permitting the treatment of 
heats of 20 to 30 tons of iron. The charge of 300 kg 


f the process was first vel ified 


and 3 tons of iron were held in small vessels, pro- 
vided with basic linings composed of rammed dolo- 
mite. For the charges of 20 to 30 tons, the vessel was 


Fig. 1—Left: Industrial-scale vessel during preheating, before 
first charge of the day: the oxygen lime-powder lance is in the 
foreground 


during refining 


Fig. 2—Above: Charge of 20 metric tons of phosphorus pig 


tuveres i beer el cea DV tignt ttor rf 
ammed dolomite; the lining Was ¢ mpos i ( )- 
mite ¢t cks made in a press 

The lance, placed above the bath, was ed by 
an abundant flow of wate on the it 20 cu n 
per hr fo the ton scale and on the « de of 5UV0 cu 
m per hr for the 20 t 0 ton vesse The distance 
separating the lower end of the lance and the stati 
level of the bath was about | m Fig. 1 shows tne 
industrial-scale vesse during preheating Fig 2 
represents a charge ot 20 tons ) pi spn ou pis 
iron during g 

Powdered hme distributors were speciall y con- 
structed by IRSID; they permit the injectio! 
the lime needed for refining, with the desired flow 
rates depending upon the stage the refit y and 


the nature of pig iron. The quantity required Is yb- 
viously higher for an 1ron very rich in phosphorus 
than for one that is low in phosphorus For example, 
pig irons with 1.8 pct P require an average ot 150 
kg of lime per metric ton, while those wit! 0.2 pe 
require about 70 kg per tor the exact quantity de 
pending upon the silicon content 

The lime is of industrial quality and comes n 
the steel plant bins. It is cl ed t han n 
mill turning at high speed and producing a powat 
finer than 2 mm, with practically 90 pet of the ma- 
terial smaller than 1 mm and 60 pet of it hnet thar 
0.1 mm 
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Oxygen of commercial quality with 99.5 pct O. is 
supplied by a central plant under a pressure of 
210 psi 


rhe cooling additions consist either of scrap or of 


ich iron ores; these ores contain about 55 to 57 
pet Fe, 1 to 2 pet lime, and 10 to 12 pet SiO 
Concerning the pig iron, the principal problem 
studied so far is that of high initial phosphorus con- 
tents, for the following reasons: 1) most of the pig 


iron produced in France has a high phosphorus con- 
tent; 2) a solution to the problem of producing 
high-quality steel from high-phosphorus pig iron 
would subsequently permit easy application of the 
process to the whole range of phosphorus contents, 
that is from 0.1 to 2 pct P 
Applied to high phosphorus pig irons 
Operating technique: After pouring the 1.8 pct P 
pig iron into the vessel, it is tipped up to permit the 
lowering of the lance and afterwards the admission 
of oxygen and powdered lime. In the course of the 
t phase, about 2/3 of the oxygen and powdered 
lime necessary for the complete refining are blown 
led, depending upon 
the composition and temperature of the iron. At the 


in. Ore or scrap is likewise ad 


end of the first stage the metallic bath still contains 
from | to 1.5 pet C (starting with 3.8 pct), whereas 

us content is no highe an 0.2 to 0.4 
pet (starting with 1.8 pct). The temperature at this 


moment is 1600° to 1650°C in order to obtain a slag 


the phosphor r th 


which ts liquid, basic, and poor in iron oxide: such 
a slag contains about 60 pet CaO, 20 to 25 pct P.O 
and only 3 to 5 pct Fe in the form of oxide. That 
slag, which is not foamy, is then poured out in part 
th has the advantage of removing a part of the 
phosphorus originally contained in the pig iron from 
the total system (metal slag). The same reason- 
ng apples to sulfur, because this first basic and 
iow-iron slag has a very high desulfurizing power: 
for a metallic bath containing more than 1 pct C 
and one frequently attains partition coefficients, 
pet S in slag 
: of the order of 15 to 20 

pct Sin metal 

After elimination of part of the first slag, the 
blowing of oxygen and lime is started again, with 
an addition of e or scrap determined by the tem- 
perature in the first phase. At the end of this second 


phase, the metallic bath, which is around 1600°C 


less than 0.1 pct P, 


contains about 0.5 pet C and 
while the corresponding slag has about 52 to 55 pct 
CaO, 15 to 20 pct P.O, and 7 to 10 pct Fe in the form 
of oxide. The elimination of part of this slag again 
removes from the total system (metal slag) a 
part of the phosphorus which it contains, as well as 
part of the sulfur 

For the third and last phase, the blowing of oxy- 
gen and powdered lime is continued until the de- 
sired carbon content is obtained. The total blowing 
time in the second and third stages is determined 


by the analysis of carbon at the end of the first 
phase. The final slag, if low carbon steel has been 
made, is rich in iron (about 20 pct), but its quan- 
tity is not large because of the two partial slag re- 
movals made during the operation. For continuous 
industrial operations the final slag could be retained 
in the vessel by means of a lime dam, thus per- 
mitting the recovery of its iron and lime by the fol- 
lowing charge 

The consumption per ton of pig iron having 3.8 
pet C, 0.5 pet Si, and 1.8 pct P is about 150 kg of 
lime and 60 cu m of oxygen. With the present plant 
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to supply oxygen, the blowing time for refining a 
20 metric ton heat of high-phosphorus hot metal is 
from 20 to 30 min, and the total time from charging 
of hot metal to tapping of steel is a little less than 
1 hr, including time for removing slag and making 
numerous tests and temperature measurements. A 


shorter time will be obtained with a larger oxygen 
supply and less sampling and temperature meas- 

urements 
Concerning the ore o1 scrap consumption, it Is 
not yet possible to give an exact figure, because the 
present blowing installation permits the treatment 
of only 20 metric tons of pig iron in a vessel which 
could hold from 30 to 40 tons. Moreover, the low 
capacity of the hammer mill for grinding lime re- 
quires a delay of 1 to 2 hr between the end of a heat 
and the beginning of the next. In normal operations 
+ 


on 30 ton charges, without delavs between heats 


the consumption per metric ton of a normal high- 
phosphorus pig iron would probably be about 100 kg 
of ore, or 250 kg of scrap 


Example of chemical and thermal 
evolution 

Fig. 3 presents, as a function of the consumption 
of oxygen per ton of pig iron, the chemical and 
thermal evolution in the refining of 20 tons of phos- 
phorous iron by lime powder injected with pure 
oxygen. The pig iron had the following composi- 
tion at the start: 4.0 pct C, 0.40 pct Si, 0.79 pct Mn, 
1.69 pet P, and 0.030 pct S; its temperature was 
1185 C after pouring into the vessel 

At the end of the first phase (43 cu m O, per ton 


of pig iron), the jet of oxygen and powdered lime 
had brought the phosphorus content of the metal to 
0.208 pct, while the carbon content was still 1.13 


pet. The temperature of 1645°C permitted elimina- 
ion of part of the phosphorus and sulfur in a liq- 


uid slag containing only 3.8 pct Fe in the for 


At the end of the second phase (9 cu m O. per ton 
he phosphorus content of the metal 
I 


was only 0.035 pet, while there was still 0.520 pet 


C, and the temperature was 1625°C. A slag contain- 
ing 10.6 pet Fe was poured out in part, for elimina- 


ry} 


osphorus and su 


pi 
the final phase (6 cu 


sy) 
n O, per ton) the liq- 


following compos!- 


in the vessel had 
ion 0.05 pet Cc, 0.105 pet Mn. 0.015 pct P. and 


Fig. 3—Refining chart for phosphorus pig iron 
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0.010 pet S. The slag contained 19.4 pct Fe and t 


temperature was 1615°C 


following heat analysis was obtained: 0.07 pct ¢ 
0.330 pet Mn, 0.017 pet P, 0.010 pet S. and 0.001 
pet N 


Results obtained from high-phosphorus 
Pig iron 

As a generalization, the low carbon rimmin 
i from high-phosphorus pig iron by 
new method are characterized by their very low 


contents See 


After the addition in the 
} 


ladle of 75 kg of ferromanganese (75 pct Mn), the 


Table |. Results of Oxygen-Lime Process on High-Phosphorus 
Pig Iron in 20 Metric Ton Heats 


Heat 
No C Pet Mn Pet S Pet P Pet N. Pet 
7 24 
2 
é at 
4 + ‘ 


Phosphorus: 


The production of steel with very 


low phosphorus contents is made easy and system- 


at thanks to the two partial eliminations of slag 
during the refining, which carry away a large part 
f the pl} sp! us initialls n the pig or 

This easy dephospho ition, even in the pres- 
ence of carbon, permits one to obtain directly semi- 
r 1 < hard steels with a w phosphorus content 
by stopping the refining at the desired carbon con- 
tent. However, the 20 metric ton charges have, so 
f been used only for the production of low car- 
bon steel, which represents by far the greatest pro- 
portion of steel produced in the plant where the 
process has been developed 

Sulfur: This new refining process gives very high 
efficiencies of desulfurization, permitting the sys- 
tematic attainment of very low sulfur contents in 
the final steel. This result is obtained principally by 
the removal from the high-carbon bath of basic in- 
termediate ags, with high partition coefficients 
(15 to 20 for the first slag, 10 for the second) 


Sulfur balance is difficult to establish, because of 
1e uncertainty concerning the weight of the inter- 
nediate slags removed. Hence, it is not Casy tO say 
ppreciably quantity of sulfur leaves the ves- 

sel with the fumes 

Nitrogen: The contents of nitrogen obtained in the 
inal steel are uniformly very low, 0.001 to 0.002 
pet, with oxygen of 99.5 pct purity. With these very 
low values, being at the limit of accuracy of classi- 
cal chemical analysis, it has not been possible to 
obtain evidence of any influence of steel tempera- 
final nitrogen content 

Other characteristics of the process: It is known 
that, in general, the processes for the refining of 
phosphorous pig iron with pure oxygen must be 
limited to iron low in silicon, for otherwise one 
risks foaming and violent splashing of slag, which 
brings about loss of metal and loss of time, as well 
as increased wear of the lining 

These drawbacks do not exist in the new IRSID 
process, and one can refine, without foaming 01 
splashing of slag, phosphorous pig irons rich in 
silicon, having for example 1 pct Si 


tures on the 


In the classical process, the jet of oxygen without 
lime powder generates a large quantity of iron 
oxide, which, after a while, can cause foaming and 
violent splashing by a sudden reaction with the 
carburized bath. On the contrary, in the new IRSID 


process the suitable regulation of the jet of oxygen 

and powdered lime permits the creation of an in- 

tense dephosphorization without the dangerous for- 

mation of large quantities of iron oxide. This ab- 

sence of foaming, by avoiding the loss of globules 

of iron in the slag, is clearly a factor favoring a high 
mn vield 


Another proof of the important difference in be- 


havior of the oxvgen is found In a reduction of the 


quantity of red fumes with the new process, which 
s particularly marked during the first phase of re- 


fining when a liquid slag has not yet formed 


Still another point of difference is that, 1n spite 
of the considerable quantity of lime necessary fo! 


these phosphorous pig irons (150 kg of lime per 


iron with about 1.8 pct P), it is not necessary 


rs 
DS) 


ton of 


to use any fluxing agents, such as orde! 


to have liquid and basic slags at the end of each 
step. The absence of fluxes presents a very appre- 


ciable advantage with regard to the life of the 


ly 


ining 


Application to pig irons lower in 
phosphorus 


he most difficult problem, that of irons of high 
} 
t 


phosphorus content, being solved, it is easy to ex- 
tend the field of application of the process to pig 
rons with lower phosphorus con The plant 
where the industrial development process has 
been made ran one of its blast furn for a short 
time with low-phosphorus iron ore from Canada 
and North Africa, thus permitting the expe mental 
application of the process to low-phosphorus pig 


irons, having about 0.2 
Fig. 4 presents the chemical evolution 
heat of low-phosphorus pig iron of the following 
composition: 4.0 pet C, 0.87 pet Si, 2.10 pct Mn, 
230 pet 
The blowing was conducted with a flow 40 cu m 
per min. The consumption of CaO, injected entirely 


5 pet of the weight 


if a 29-ton 


0.029 pct S, and 0 


in the form of powder, was 
of the pig iron, and the consumption of oxygen was 
62 cu m per metric ton of iron. As cooling additions 
both scrap and iron ore were used, the 


equivalence of which was 15 pct scrap in the charge 


moter 


cose 


as 
meter /ter og 


Fig. 4—Retining chart for low-phosphorus pig iron, P — 0.230 pct 
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The final steel analysis was: 0.05 pet C, 0.315 pct 

Mn, 0.012 pet S, 0.011 pet P and, 0.002 pct N, 
Several samples of metal and slag were taken in 
rder to follow the chemical evolution during refin- 
ing. The delay thus caused was one of the reasons 
for the somewhat low scrap consumption. One will 
1ote in particular in Fig. 4 the ease of departure of 
phosphorus, which, starting from 0.230 pct, de- 
creased continuously during the blow to reach, at 
st sampling, the low value of 0.011 pet. At that 


the bath temperature was 1620°C, as measured 


mmersion pyrometer, and the fi 
iron content of 19 pct. This low final phosphorus 
was obtained without any addition of flux- 


slag had 
} 


agents such as fluorspa! 


Fig. 5—Lance coming up from the vessel after a blow 


The presence of 0.87 pct Si in the initial pig iron 
did not give any tendency for foaming or splashing, 
and the operation went along calmly. This is an 
important advantage to be attributed to the con- 
trolled injection of lime 

For this initial phosphorus content of around 0.2 
pet, it is not necessary to remove an intermediate 
lag to assure very low phosphorus in the final steel 
For higher initial phosphorus contents, for example 

the order of 0.5 pct, it would certainly be neces- 

ry to eliminate an intermediate slag. The condi- 


scribed, and those for very high phosphorus pig iron 
requiring two intermediate removals of slag 


These examples show the flexibility of this new 
process, which can be applied without any difficulty 
to the whole range of phosphorus contents in pig 
irons, producing final steels with very low phos- 
phorus, sulfur and nitrogen 


Mechanical tests 


Low carbon rimming steel made by this process 
has been rolled into sheets in a continuous hot and 
cold strip mill 
are now being made 


Numerous series of mechanical tests 


Below are some typical results with a deep draw- 
ing rimming steel obtained from Heat No. 319 high- 
phosphorus pig iron of the following analysis: 0.07 
pet C, 0.39 pet Mn, 0.013 pct S, 0.016 pet P and 
0.001 pet N 


rolled 


Thickness Vield Point Tensile Strength Flongation 
Mm Psi Psi Pet 
> 41.00% 48.800 41.8 


46.2 427 


Fiengation 


Pet 


Thickness, Vield Point Tensile Strength 
Mm Psi Psi 
21.80 42 4 


079 22 42.501 


Summary and conclusions 

A new process for refining pig iron to produce 
high quality steel has been developed by IRSID in 
plant scale tests. This process, 
blowing of a mixture of oxygen and powdered 
into the metal bath, is characterized by a complete 
modification of the behavior of the jet of oxyger 


which involves the 


from that obtained in other oxygen processes 

This modification results in several important ad- 
vantages: ease of dephosphorization from any initial 
phosphorus content, no need for spar, no f 1- 
high initial 
fumes, and longer lining life. The process 
flexible and can be applied without difficulty 


suicon, 


ing due to 


irons of any phosphorus and silicon content 

The steel produced has remarkably low quantities 
of the impurities: phosphorus, sulfur, and nitrogen 
Mechanical tests show that its properties compare 
favorably with those of open-hearth low carbon 
steels 
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VACUUM CASTING STEEL 


by J. N. Hornak and M.A. Orehoski 


Despite potential difficulties indicated by a preliminary survey, the serious- 
ness of the hydrogen problem necessitated development of a satisfactory 


vacuum casting technique. 


TUDIES by U. S. Steel Corp. conducted for a 
S number of vears have indicated that, even with 
the most ideal melting practices, charge materials, 

| steel hydrogen leve 

Since it was our opinion 


and additions, a final ] 
than 2 ppm is unlikely 
that a hydrogen concentration of 1.5 ppm or less 
would be required in large forgings to insure sub- 
stantial freedom from flaking and hydrogen em- 
brittlement, it was decided that an approach other 
than that of controlling the melting practice and/or 
moisture content of the raw materials would have 
to be tried. The best approach appeared to be vac- 
uum casting 

A preliminary survey of vacuum casting indi- 


cated the following potential difficulties: 

1) Reducing the hydrogen level to a desired 1.5 
ppm or less would require casting pressures 
substantially lower than any used before; 

2) Operating in a lower pressure range would re- 
quire a pumping capacity much greater than 
that currently being used; 

3) Pumping equipment to handle the greater 
capacity could be prohibitive from an invest- 
ment-cost standpoint; and 


4 


Controlling the spraying of the pouring stream 
would present a difficult problem, even if 
equipment costs were successfully met 

But despite anticipated difficulties, the seriousness 
of the hydrogen problem in large forging ingots 
was such that it was decided to proceed with the 
development. 


J. N. HORNAK and M. A. OREHOSKI are with the U. S. Steel 
Corp.'s development laboratory at Monroeville, Pa 


Off-gas calculation 


To determine the quantity of off-gas that could 
be expected during the vacuum casting of steel, a 
review was made of the steel analyses obtained dur- 
ing previous studies. The maximum concentrations 
of hydrogen, oxygen, and nitrogen found in these 
heats were used for the gas calculation. It should 
be pointed out that the maximum concentrations of 
oxygen, nitrogen, and hydrogen were not necessarily 


found in any one particular heat. For the gas cal- 


culation, the anticipated initial and final steel 
analyses were as follows: 

O., Pet No, Pet Pet 
Initial 0.005 0.010 0.0009 
Final Ni Ni 0.00015 


In vacuum casting, it was expected that the three 
dissolved gases—oxygen, nitrogen and hydrogen 
would be liberated from the steel to the extent 
indicated. However, because the reduction of hydro- 
gen was of paramount importance, all calculations 
were based on the removal of hydrogen to a maxi- 
mum concentration of 1.5 ppm. In addition to the 
assumption made for the initial and final steel gas 
analysis, it was also assumed that the oxygen would 
be liberated as carbon monoxide. For these con- 
ditions, the following off-gas composition was cal- 
culated: 36 pct H., 34 pct N., and 30 pet O. as CO 
On the basis of these conditions, the volume of off- 
gas that would be liberated from one ton of steel 
was calculated to be 8.21 cu ft at 760 mm Hg and 
23"C. 

By using Sievert’s law and the desired hydrogen 
concentration in the steel, a calculated partial pres- 
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Compensating this partial pres- 
iticipated hydrogen content in the 
calculated that a total gas pressure 

would be required to obtain 

ypm of H,. At this lowe: 

ul off-gas volume would 
expand 

Since the removi gases by vacuum 


rocess 


lig Was ¢ xpected to be <inetic effect, the con- 
tne low 


at the pr achieve 


be substantially 
he 6.5 mm absolute pressure required 
The necessary displace- 
im could only be es 
ial volume of gases from volati 
from moisture, and from inleak- 


1 


have bearing 
ould only be estimated 
removal of dissolved hydrogen to a 
a tenfold displacement from equilibriun 
ing pressure of 0.65 mm Hg was esti- 


perating level, and was 
imately 0.5 mm was de- 


25 *¢ ‘h I temperature was 
the absence of actual operating data 
ulations were the basis for establishing 

vacuum-pump specification 
lecular w ff-gas 19 


100,000 cfm 


+ 
pouring rate 


lume of t-gas 


mercury and 25°C 


during casting—0.60 
and 


Blank-off pressure of pumps—0.2 mm Hg 


Vacuum pumps 
After 


svstems 


selected for the following reasons 


careful consideration of several pumping 


available, the steam-ejector units were 


1) Substantial quantities of ‘am were available 
at the site where the vacuum-casting equip- 
ment was to be located: 

The steam-ejectors cost less than either the 
mechanical pumps or the combination of me- 
chanical and oil-ejector pumps: 

The steam-ejector pumping system was com- 
pact and would fit into an area that was not 
being used in the existing building: and 

4) The steam ejector had no moving parts such 
as the mechanical pumps, and did not require 
oil changes such as would be necessary with 
oil-ejector pumps 


A questionable feature of the steam-ejector sys- 
tem was the possibility that steam might backstream 
from the ejectors to the vacuum tank. Whether o1 
not this would occur was not known and could not 
be resolved, since steam-ejector systems had not, 
up to that time, been used for vacuum-casting op- 
erations. In view of the relatively low cost of the 
steam-ejector unit, it was decided that, if back- 
streaming of the steam was experienced and it was 
necessary to discard the pumps, the loss that would 
be encountered, as compared to the total cost of the 
complete installation, would be minor 

The steam-ejector units installed were designed 
and built by the Elliott Co. for a steam pressure of 
125 psi and a maximum cooling-water temperature 
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Maintaining proper steam and water co 
is very important to the efficient operation of 


‘tor system 


Vacuum tank 


To avoid the need for eithe: 
or water cooling f the tank, 
design the tank on 
Fig. 1 shows the vacuum tank which 
sections: a tank base, 28 in 
28 ft high. The inside diameter of 

t 


is abou 


principles 


deep and 


the 


flange of the 

sections is sealed by neoprene 
In vacuum casting, as soon as 

poured, and the within 


has been res 


pressure 
tored to atmosphe 
t raised and removed 
During 
wall remains comparatively 
EXCesslVE 


ank top is 


cooled 


is not exposed to 
peratures 
by the 
and 
vided on the 


combined 


damage 
Several other in 


? 
sign of thi nk should be point 


eresting 


ladle oO! 

placed on 
-b structure of beams, which, in turn 
by a series of vertical beams. Thess 
Fig l Since 
supportin 
which supports only its 


re noted as I-beams in 
the major load is placed on external 
members, the tank proper, 
own weight and atmospheric pressure. 
relatively light plate. Also, because the tank shel 
is attached only at the base flange and the su 


ing collar (A and B, respectively, in 


is made of 
hell 


because a breather plate has been inst 

tank top, the tank shell is free to move, both 
tically and horizontally does not develo 
cessive localized stresses from severe temperat 


gradients 


EXHAUST! 
PUMPS 


~ 


O" RING SEAL 


TANK BASE 


Fig. |—General arrangement of the vacuum tank 


Vacuum-casting system 
Fig. 2 is a schematic drawing showing the general 
arrangement of the vacuum-casting equipment, and 


of 87°F 
ditions 
a steam-eje 
tory insulatio1 
as decided to 

sensu onsists of two 
hydrogen a tank toy 
lower than t two section 
: for equilib! on a grooved 
ment from 
nen etween these tw 
—. Also, the ad ) ring 
a tion of the he ingot has beer 
gi age all ¢ tank 
volume, thy 

nsure the and 
. of 1.5 pp f an 
ie or an ope cool 
mated as tne equirea tem- 
a later found that approx the tank toy 

a irable Therefore, the gases Mlltated from 1 ton ouring strean 

: of steel would be 9600 cu ft at f nm He al lute has been pro- 
Be pressure and top. This shield 
a estimated EE with the air cooling of the outside of the 
~N These ca top of the tank, has maintained the temperature in 
the follown this area ifficiently low to prevent structura 

1) Mean 1 
2) Tota Vi es at 0.6 res about the de- 
mm Of 10 i it. The first 
= tons pe Is that the w 
One mm metal being 
or a Sp! le I 
+) are supporte 
the 
ay 
er- 
ure 
-| BEAM 
BREATHER 7 
PLATE +4 
i SHELL 

i 
Al be TANK TOP 
= MOLD 
| 
— 

3 
fi 


4 STEAM-EV 


3 STEAM- EVE 


OF CRANE RAIL 


NTERCONDENSER 


INTERCONDENSER 
TOR PUMP 


=] woter per min 
NTERCONDENSER Pr 55 ec! weter per min 
22 STEAM-EJECTOR PUMP 
STF AM-ELECTOR PUMP 
showing the general arrange 
ment of vacuum casting equip T 
ment, with water and steam -t 
requirements 
= ~ 
HOT we 
TEAM-F A TANK 
OUT HR 
Set 
3 x BoTTOM OF PIT 
Atmosphere 95 
Fig. 3 is a photograph of the steel being vacuum- could have been exhausted through the hot well, 
cast. The exhaust line, connected to the base of the but. since the calculations indicated that the exhaust 
vacuum tank, is 36 in. in diam. The other end of the gases at times would contain a high percentage of 
line is connected to the first stage of the steam- combustibles, it was decided to exhaust them to the 
ejector system. A control valve has been placed in atmosphere 
the exhaust line upstream of the first steam-ejecto 
This valve allows the operators to check the effi- Vacuum casting 
ciency of the pumping system and the tightne If the pumping system is functioning properly 


the tank seals 


» water requirements for the inter- 


requirements for the 


he steam 
rs Also are 
both the inlet and the outlet ends 
of each of the ejectors for a blank-off condition 


The exhaust lines from the two barometric con- 


shown 


densers terminate in a hot well, whereas the exhaust 
lines from No. 4 steam ejector and the evacuator 
discharge to the atmosphere. The final two units 


Fig. 3—Vecuum casting equipment in operation 


and the inleakage rate is acceptable, the unit is then 
ready for the vacuum casting of steel. In _ the 
vacuum-casting operation, the steel or tapping ladle 
is placed over the top of the transfer ladle, Fig. 2 
The steel is then poured from the steel ladle 
into the transfer ladle. When the transfer ladle is 


about three-quarters full, the nozzle of the 
opened, and the me 
allowed to enter the low-pressure atmosphere 


ladle is a seal is broken, 


in the tank. As predicted, prohibitive spraying of 
the pouring stream occurred during the vacuum 


casting of the initial ingots. The degree of spraying 
in the initial such that, even in lars 
cross-section forging ingots, not only the mold wall 
but also the wall of the hot top, was sprayed with 
steel droplets. This spraying resulted in a very por- 
spongy surface on the ingot, which required 
excessive conditioning after forging. A special pour- 
ing arrangement has developed, however, 
which controls the degree of spraying of the steel. 
Fig. 4. As a result. the surface of large forging 


Was 


trials 


ous 


been 


in- 


gots, vacuum cast through an atmosphere of 0.5 mm 
Hg, is comparable to, or better than, that of 
steel 


air-cast 


Fig. +—Pouring 
stream inside the 
vacuum tank. The 
transter ladle has a 
1'2 in. diam nozzle 
which expands to a 
9 in. diam stream; 
a refractory collar 
confines the stream 
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Casting pressures 
Fig ) a chart of the tank 


pressures recorded 


turn the casting of a representative heat Al- 
th h the initial tank pressure, point 1, was less 
th 00 iddenly increased to 500 uv with the 
nitial splasl f steel. From this level, the tank 


eased to a level of less than 
400 intil the steel in the mold reached the hot-top 


tion hich noted as point 2. For this partic- 
ilar heat, while the hot top was being filled, the 
r ire within the system decreased because of a 
ve ite. If the refractory material in 
the tt f the ingot had not been properly dried, 
howeve e pre ire at point 2, instead of going 
rh t ir curve was for a tight system in 
vhich tl ‘ ige ite was approximately 30 xz 
€ ‘ e pe min At higher inleakage rates, 
the startir é ire, as well as the operating pres- 
ire, would be at higher levels. As previously stated, 
the perati pressure for the vacuum system was 
established at 600 when designs were being de- 
veloped f the pumping system. As shown in Fig 
the pum} stem is adequate to meet the de- 
Howevel! experience with the 
cu equipment revealed that a pressure 
mm H ess Was required to 
é ed 1 gen to the lesired low valu 
| ) 
A 


Fig. S—Variations in 
pressure during 


vacuum casting 


Off-gas analysis 


Durit vacuum casting 


flasks 


and samples ot 


evacuated glass 


++ hed +} 


exhaust line 


were evolved casting were 


during 


collected in these flasks. The gases were then ana- 
ed by means of a mass spectrometer. Table I 
hows the t cal gas analyses obtained on two 
heats. These analyses show that the chemical com- 
posit f the evolved gases varied considerably 
th hout the pou g operatior 
As previously stated, for design purposes it was 


assumed that the average off-gas composition would 
be 36 pct H., 34 pct N., and 30 pct O. (as CO). Table 
th this relationship varied considerably 


E 
© 60 
a 
z 
ir -— 
| 
3 
w 
é 
S 20} 
VA 
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Fig. 6—Hydrogen content of steels before and after vacuum cast 
ing. Total height is H. content before, and shaded area is after 


vacuum-casting 


In the initial planning of the 
process, the possibility of developing flammable gas 
mixtures inside the vacuum tank was not 
Accordingly, personnel from the Pittsburgh 
S. Bureau of Mines, Branch of Gas 
to determine a procedure 


over- 


looked 
Station of the U 
Explosions, were consulte: 


for avoiding flammable gas mixtures 


pressures 


decided to 


Because flame-propagation data for low 


were not available at that time, it was 
purge the tank as if the gases were at atmospheric 
pressure. To avoid the flammable gas regions when 


the hydrogen in the gas mixture 


4 pet, and the carbon 


breaking vacuum, 


monoxide 


snoula not exceed 
meet these conditions, 


} 


Las, sucn 


should not exceed 14 pct. To 


inert 
is exposed to air 


tend to 


ixture 


atmospherk 


would 


move the flammable regions (triangular areas) to- 
le studies conducted by the 


U.S. Bureau of Mines indicated that flame propaga- 


developed at an absolute pressure of 


6.5 mm of Hg and at a partial pressure of hydrogen 


as low as 2 mm of mercury. These results verified 
the need for purging the tank at the completion of 
vacuum casting and prior to breaking the vacuum 
to atmospheric pressure with ail! 


Mechanical properties 

Table II shows the hydrogen, oxygen, and nitro- 
the and after 
hydrogen content, as shown in 
ranged from 3 to 6 ppm before 


steel before 


gen concentrations in 
vacuum casting. The 
Table II and Fig. 6 
vacuum casting and from 0.3 to 2.0 ppm after vacu- 
um casting. Hydrogen segregation showed no defi- 
nite trend in the forgings of the vacuum-cast steels 
The highest hydrogen content occurred anywhere 
from the surface to the center of the ingot 

Certain processing variables may affect the 
amount of hydrogen that is removed from the steel 
during vacuum casting. Some of these variables are 
the amount of dissolved gases in the steel, the steel 
composition, the absolute pressure during degassing, 
the pouring rate, the moisture inside the tank, and 
However, because of the limited 


the inleakage rate 


Time 


\ V 25 21.0 1 0 80 

2 5 320 

10 60 

4 15 340 

Ni-¢ \ Vv 25.0 1 0 75 
2 5 400 

10 410 

4 16 300 


Table |. Composition of Gases Collected During Vacuum Casting 


Sampled 
Casting Time, Min Absolute 
Ingot Ingot Sample Startof Pressure. Gas Composition, Mol Pct 
No Grade Body Total No Pour, Min Microns co A o N co Ho H 


16 05 12.9 50.1 49 
19 02 15 09 21.7 3.5 40.3 
06 0.1 05 11.5 26.0 2.3 59.0 
25 0.3 08 25.0 384 1.7 31.4 
2 086 90 68.2 18.5 67 16 
0.7 0.1 0.08 10.8 26.1 0.08 62.1 
04 ND 02 119 19.6 06 67.2 
2.1 ND 44 14.7 27.0 18 50.0 
4 04 0.06 12.6 03 
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‘ 
al 
the tank must be purged wit a : 
nitrogen, before the gas 
Pressures less than 
| | 
the hat 
24 


Table II. Hydrogen, Oxygen, and Nitrogen Contents of Heats Before and After Vacuum Casting 


Avge Gas Content, Ppm 


Hydrogen Oxygen Nitrogen 
After Before After Before After 
4 25 30 30 
2 55 
25 7 65 
2 f 80 80 
+! 95 95 
2 80 30 
2 2 70 
60 
te 70 
27 6. 
29 
+ 55 
75 
on 


Fig. 7—Tensile properties of air 
steels: elongation 


Fig. 8—Tensile properties of air 


ast 


steels: reduction in area 


ond vacuum-cast 


and vacuum-cast Ni-Mo-V rotor 


Table II!. Comparison of Aged and Unaged 0.505-In.-Diam 
Tension-Test Specimens in Air-Cast and Vacuum-Cast Ni-Mo-V 
Rotor Forgings 


Ingot 
No Treatment 
Air-Cast 
\ Unaged 
Aged 
B Unaged 
Aged 
Unaged 
Aged 
Vacuum-Cast 
1 Unaged 
Aged 
3 Unaged 
Aged 
11 Unaged 
Aged 


Radial Tension-Test Specimens 
Yield Strength 
0.02 Pet 

Offset 


88.000 
83,710 


82.880 


81,380 
79,630 
85.380 
80.800 
88,070 
85,210 


Psi 


data available, the effects of each of these variables 
on hydrogen content are not apparent. There are 
some indications (Ingots 7, 8, and 10 in Table II) 
that steel composition affects the amount of hydro- 
gen removed Ingots 7 and 8 were manganese- 
nickel-molybdenum-vanadium steels, whereas In- 
got 10 was a modified Type 422 stainless steel 
Since aluminum and other strong deoxidizers 
were not used in making the rotor heats, these 
steels were conducive to further deoxidation by the 
eaction of carbon and oxygen when exposed to 


educed pressures. The extent of oxygen removal is 


Steels deoxidized with aluminum or other strong 
deoxidizers do not lend themselves readily to vacu- 
um deoxidation because the deoxidizers form stable 
compounds with oxygen. To remove such com- 
pounds, the vacuum-casting pressure must be lowe! 
than the dissociation pressures of the compounds 

Vacuum casting was least effective in removing 
nitrogen from rotor steels, Table II. The inability of 
le vacuum-casting process to remove nitrogen in 
itor steels may be associated with the chemical 
composition of the steel. Some elements increase 
1e solubility of nitrogen in steel or form stable 
compounds so that casting pressures below the de- 
composition pressure of the nitrides are required 


t remove nitrogen 


Chemical analyses of alloying elements at various 
transverse locations from the surface to the center 
in the top and bottom ingot position did not show 
any undue alloy segregation resulting from vacuum 


i 
The effect of vacuum casting on tensile ductility 
is shown on Figs. 7 and 8 and in Table III 

The results of U. S. Steel Corp. flake-sensitivity 
tests showed no indication toward flaking 


Summary 

A vacuum-casting process has been developed 
which successfully reduces the hydrogen concentra- 
tion in steels for large forging sections to a level 
at which the steel is insensitive to flaking. Also, 
the final hydrogen content of the steel is at a level at 
which the tensile ductility for aged and unaged 
specimens is approximately the same. The pressures 
at which the process is conducted, however, require 
that special detailed attention be given to the prepa- 
ration of the equipment and the actual vacuum cast- 
ing of the steel. With adequate attention, little or 
no difficulty should be experienced 
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Ingot Ingot 
No Grade Diam, In Befor 
1 Ni-Mo-V 72 ; 
2 Ni-Mo-V 72 : 
Ni-Mo-V 72 4 
4 Ni-Cr-Mo-V 72 49 
5 AISI-4340 28° 
7 Mn-Ni-Mo-V 72 $ 
R Mn-Ni-Mo-V 72 
Type 422 9 5 | 
11 Ni-Mo-V 72 4 | 
12 Ni-Cr-Mo-V 77 
14 Ni-Mo-V 9 
15 Cr-Mo-V 9 7 
16 Ni-Mo-V 95 42 
17 Cr-Mo-V ’ 
18 Cr-Mo-V ) 
19 Ni-Mo-V 47 
20 Ni-Mo-V 72 ‘ | 
* Square ingot 
ELONGATION. per cen 
wa as’ 
na 
| | | 
| 
are cast acoum Ca 
Reduction 
in Area, 
Pet 
81.500 100.700 15.0 28.2 
80,940 102.250 20.5 52.3 
87.500 105.500 11.0 28.5 
|| 105.500 16.5 48.3 
102,000 13.0 19.6 
| 101,800 19.5 43.1 
102.850 21.5 53.9 
100,380 23.0 53.3 
106,600 20.0 57.0 
108,150 21.5 56.9 
108.200 20.0 6.7 
107.000 22.0 9 


Concentrates 


previous paper dealt with early experimental 
AL. gathered during the start-up of the 14 ft di- 
am FluoSolids reactor at the Jadotville plant of the 
Union Miniere Du Haut Katanga, Belgian Congo 
Several months of continuous operation have 
elapsed since then and major improvements have 
been brought to the operating conditions 
Concentrates, with low copper and sulfur content, 


and which were unable to yield a self 


f-sustaining re- 
actior ire now successfully roasted It might be 
worthwhile to quote the results which have beer 


obtained in several fi 


Slurry make-up: A very unpleasant feature of 


the chalcosite concentrates treated is their tendency 
to agglomerate by weathering. Such a concentrate, 
laying outside for 6 to 8 mo, can only be reclaimed 
in large and hard blocks, which are very difficult 
to turn into a slurry. A tube mill filled with 3 and 4 
in. balls suited the purpose best 

Low sulfur content of the concentrates 12 to 13 pet 
accounts for the very high density of the slurry thus 
prepared. In order to pump the slurry, centrifugal 
pumps had to be ruled out and diaphragm types 
used these operate satisfactorily Slurry Is now 
made up on a 6 to 8 tons per hr basis ina 6 x 12 ft 
tube mill and partially recycled from a storage tank 


Density is automatically controlled 
Reactor: The slurry is fed through the roof of the 
reactor by a Mono pump which has very good vol- 


racteristics. A home made feed gun is 


used, consisting of a vitalium screw sprayer backed 
ip by a 2 in. pipe. Slurry and compressed air ente1 
n and emerge as a conical dispersion of 
small droplets. Drop size is kept between 0.02 and 


0.25 in., to prevent defluidization and to limit 


Carry- 
over. This is done by control of the air pressure 

Fluidizing air: Air is provided by a Roots type 
blower. Flow is kept constant in order to ensure a 
1.2 ft per sec space rate, which gives both a good 
fluidization and a low carry-ove! 

Calcined products discharge: Overflow calcine is 
discharged through a vitalium rotary feeder, which 
takes care of the backpressure of the reactor. Dust 
from the reactor in the exit gases are collected into 
a single mild steel cyclone with stainless steel vor- 
tex finder, followed up by a Peabody scrubber using 
pent electrolyte as washing liquor. The cyclone 
has been insulated externally; this provision raised 
the internal temperature and lowered the amount of 
unburnt sulfur in the cyclone dust 


Improved results 

From 1957 on, several new features have been 
added to the operation in order to improve metal 
recoveries: 1) The diameter of the bed section of the 
reactor has been brought from 14 to 12.5 ft. while the 


L. F. THEYS is Resident Monager, Union Miniere du Haut 
Katanga, Jadotville, Belgian Congo 
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Progress Report on Roasting Copper-Cobalt 


by L. F. Theys 


freeboard diameter remained unaltered. A reduction 
of carry-over was thus contemplated. 2) Top feeding 
of the slurry provides a better dispersion on the 
surface of the bed, and better control of the com- 
pressed air flow regulates the size of the slurry 
droplets. 3) Bed height was cut from 5 to 4 ft. 4) 
The space rate is now down to the minimum value 


allowed to keep efficient fluidization going. This sets 


the excess air at 20 pct and the oxygen content of 
the exit gases at 5 to 6 pet 

Which of these measures contributed most to the 
improved results is hard to tell, but it is clear that 


the metal recoveries have been improved, as can be 


seen by Table I 


Treatment of low sulfur concentrates 


Operations of March, 1958, were on a concentrate 
containing not more than 40.58 pct Cu and 11.95 pct 
S. Actually, concentrates running less than 35 to 37 
pet Cu and 11 pct S are frequently met: they make 
a self-sustaining reaction impossible. Adding fuel- 
oil to the slurry is not practical as it Increases vis- 
cosity beyond reasonable limits. Feeding dry coal to 
the reactor looked more promising. The coal that is 
now used has a high content of volatile matter and is 
crushed below 's in. It is fed into a sloping 3 in 
pipe by a screw conveyor and is then pushed into 
the furnace by compressed al 

Extensive automation has been achieved ; 
reactor now operates according to the following 
principles: Fluidized air is constant and depends up- 
on the minimum space rate chosen. An Arnold 
Beekman analyzer records the oxygen content of 
the gases and controls its value around 6 pct by 
regulating the speed of revolution of the Mono 
pump. The bed pyrometer records the temperature 
and controls it by regulating either the flow of cool- 
ing water (high sulfur concentrate) or the speed of 
the screw conveyor feeding the additional coal (low 
sulfur concentrate ) 

The chalcosite-carrolite flotation concentrates are 
now satisfactorily treated by fluidized bed roasting 
whether they contain 15 or 10 pct S. This operation 


involves no large labor or maintenance costs 


Table |. Operating Statistics for March 1958 


Assay Cu Ce Stot ssOt 


ries are now 96.15 pct Cu and 948 pct Cx 
unts to 18 pet 
nsity is 265 kg per cu m per hr 


Copper-Cobalt 


1 F. Thevs and I Vv. Lee Sulfate Roasting 


Sulfide Concentrates, Journat or Mertats, February 1958, vo 10 


2, pp. 134-136 


Vee 
a 
i Feed. pet 40.58 2.31 11.95 
i Overflow, pet 3.85 1.94 9.07 8.86 
dust. pct 3.77 1.87 8.10 7.59 
: Leach residues, pct 48 0.37 1.19 0.50 
The meta recove 
The carry over a 
The average feed 
no, 


THERMOCHEMISTRY OF OXYGEN STEEL 


by W. O. Philbrook 


Will oxygen steelmaking processes become competitive with the open 


heart} Analysis shows that ¢ } 
nearly 50 pet scrap. and 


sa 


characte! 
making processes can 


accuracy, OV a 


petitive with 


Open hearth preeminence based on scrap 


One of the major factors contributing to the 


North Ameri 


substantial am« 


process 1n 


‘Ss. average 
been derived from 
scrap, 26 pct comes from home scrap 
purchased scrap, of which 
Thus rl 
a by-product direc 
steel consumption. The remaining scrap, some 
14 pet of recoverable metal, represents outworn and 
obsolescent articles recycled after a period of usé 
The proporti if virgin metallics has remained 


scra} 


charged metal is 


markably constant at about 54 pct over recent veat 


The average steelmaking mix corresponding to th 
recoverable metallics distribution described above is 
about 44 pct ser~p, 52 pct pig iron, and 4 pct Fe fron 
ore. The oper. hearth process is the only conventional 

eelmaking 

? 


scrap to iron: 1 


method that operates close to this rati 

n fact it is at its best with charges 
very nearly these proportions. Any integrated 
steelmaking operation of substantial size that is not 
planned to utilize scrap and iron in the normal ratio 
will soon find itself at a competitive disadvantage in 


its own area 


W. O. PHILBROOK is Professor of Metallurgical Engineering, 
Carnegie Institute of Technology, Pittsburgh. Paper presented at 
AIME Open Hearth Steel Conference, Cleveland, April 1958 


as 


ilities ot handling from 0 to 
Extreme ver- 


‘antage of the open hearth 


e to ctose contro 


to vary charge proportions in line with 
scrap supply is 


interest, therefore, to 


fluctuations in the 


It is of 


advantage 


Engineering analysis of basic oxygen 
process 
Pneumatic steelmaking methods are 
wing ways: 1) the 
ing reactions 
n possible am 1 of he at, 
ry out the process: 2) 
bl furnace 
the therm requirement < 
he reactions are ried out very rapic 
in a compact vessel of comparatively low surface-to 
volume ratio, thus minimizing external heat losses 
ton of metal treated: and 4) this combination re- 
no ex- 
Charge proportions in a pneumatic pro- 


depend almost entirely on the heat 


lerefore, 
in which the composition of the iron, the 
nal requirements of the slag. and the heat lost 
in gaseous products (including N. if air is used) are 
of particular importance in differences among proc- 
esses 
The method of handling calculations that has been 
employed for the purposes of this study is to separate 
the gaseous refining operation into several steps that 
can be added together in suitable proportions to fit 
a particular situation. These steps are: 1) refining 
hot metal with pure O, to produce blown metal and 
slag of specified composition; 2) refining cold scrap 
with O. to produce blown metal and slag of the same 
composition as obtained from hot metal: and 3) pro- 
viding for additional thermal effects, such as (a) 
heat carried out by N. if air is used, (b) additional 
heat supplied by burning CO to CO, within the fur- 
nace, or (c) heat supplied by introducing scrap in 
preheated form. The general plan is to determine 
from step (1) how much heat is available per ton of 
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amenal 
mmility is thus no longer a unique cd: 
be predicted, with a high short-range ; 
degree Of straightforward application decided Es. 
f thermochemistry and engineering principles. A examine the possibility of increasing scrap usage in : 
convenient and relatively simple method of analysis oxygen steelmaking to the extent that it may be- 
will be demonstrated, and this will then be used t come a full competitor of the open hearth in a 
explain several processes now in operation, and the single-process sho} ; 
major joints of difference among them. Finally, an é 
effort will be made to predict to what extent scrap 
consumption of basic oxygen steelmaking processes : 
might be increased to make them more nearly com- 
the open-hearth 
basic 
open hearth mus EEE ca has been its 
ability to melt unts of scrap. Statis- 
tics for the three vears 1953-55° show that 46 pct of 
the recoverable metallic units from steelmaking 
: 
| 


he 


hot metal treated, and to find out how much scrap 
can be melted by this heat in ac.urdance with the 
requirement calculated by step (2) and modifications 
introduced by step (3). These results can be trans- 

i 


lated into 


erms of ingot tons by employing a suit- 
able value for yield of ingots from theoretical blown 
metal, oxygen and flux requirements being obtained 


n the course of the standard calculations 


Standard practice 

A standard practice and set of operating condi- 
tions has been determined as a basis for initial cal- 
culations after careful study of several published 
accounts of basic oxygen steelmaking, with 
the final selection being adjusted to a basic iron of 
composition and temperature representative of con- 
ditions in the US and Canada. Unfortunately, pub- 
shed figures tend to be averages that are not likely 
o be exact for any one specific heat, nor is there any 


assurance that the average iron, slag, and metal 


compositions and oxygen consumption figures are 


internally consistent to the desired degree of ac- 
curacy. There enough ambiguity in the method 
of specifving oxvgen equirement to limit the 1se- 
fulne of these figures for exact mate il balance 


It has seemed best. therefore, to base this analy 


upon an assumed standard practice that is com- 
pletely defined, theoretically sound, and internally 
consistent, and which can readily be modified to any 
different set of conditions to represent some poet 
known practice. Standard composition of material 


and products are given in Table I 

Basic iron composition in Table I is essentially the 
same as reported by McMulki Specified carbon 
content of 4.40 pct is in rather good agreement with 
the solubility limit for carbon in iron of the com- 
position and temperature assumed Variations of 
silicon content of 1.00 and 1.40 pct are also included 
in the calculations 

The greatest uncertainty in this analysis concerns 
the fraction of the CO formed by the elimination of 
carbon that is burned to CO. by lance oxygen within 
the furnace. This could be calculated from an oxy- 
gen balance if accurate data for a particular heat 
were available, but published information is not 
adequate. The assumption has there- 
fore been made that all carbon burns only to CO 
within the fu Correction of the calculations to 


fit exact experimental observations will be a sim- 


ple matter when adequate data are available 


Slag weight and composition have been based on 
the assumption that slag will analyze 16.0 pct Si0., 
derived substantially from oxidation of Si in the 
charge. The iron oxide content has been set equiva- 
lent to about 15.0 pct FeO and 4 pct Fe.O,, corre- 
sponding to 14.5 pct Fe and 4.5 pct O as iron oxides 
This seems low compared with open hearth slags at 
similar bath carbon levels, but it nepeenemss the 
average of iron losses reported by three different 
sources Residual manganese in the bath and 
MnO in the slag have been adjusted to be consistent 
both with thermodynamic equilibrium” for the slag 


weight and temperature assumed, and with man- 


ganese distribution values obtained in Austrian prac- 


ice. Phosphorus distribution is also consistent with 


both theory and practice Sulfur has been ignored 
for simplicity, as its removal has negligible influence 
yn the oxygen requirement or heat balance. Finally, 


total slag composition thus obtained is consist 


with published literature and tallies to 100 pct or 


internal consistency. Minor variations are, of course 
to be expected in practice 
3urnt lime consumption is figured at 3 lb CaO pet 


lb SiO. from silicon in the charge and 92 pct avail- 
able base in the burnt lime. It is to be noted that the 


lime charge is logically based on silicon input rathet 
than on total metallic charge. No fluorspar consump- 
tion has been included, but the only effect of its use 


as far as these calculations are concerned, would be 
a small increase in heat content of the slag in the 
final heat balance 

Following present Canadian and American prac- 
tice, an addition of mill scale is provided for, to aid 
in fluxing the lime and to give an oxidizi lag 
The 


early in the process to aid dephosphorizat 
viewpoint is taken that this addition should be 
lated to the lime charge, ee “ in to the metallic 
charge. The addition is set at 9 lb of scale per Ib 
of burnt lime, which gives beaten the same mill scale 
consumption as reported by McMulkin’ for his charge 
mix. Mill scale composition is based upon a pub- 
lished” analysis, but rounded slightly for conven- 
ience to 47.5 pct Fe.,.O, 47.5 pct Fe,O,, 5 pet moisture 
and non-reducible oxides 

The basis for modifying reported “FeO” and 
“Fe.O,”’ analyses in slag and mill scale may need 
explanation: Values reported from chemical anal- 
ysis de not represent the substances actually present 
In the materials of interest here, uncombined iron 
oxides are probably almost entirely wistite and 
magnetite. Wiistite, or what is commonly called 


Table |. Compositions of Materials Assumed for Standard Basic 
Oxygen Practice 


Metal Analyses, Wt Pet 


‘ si Mn r Fe +58 


Slag and Mill Scale Analysis, Wt Pet 


Fe,.O Fe@ sio cad MeO P.O ALO 


Table I. Sensible Heat Contents at Selected Temperatures 
Relative to 77°F Base Temperature 


Heat 
Content, 


Material Temp, °F Btu per Lb 


Gases Temp, °F Mol 


1000 
1000 
200 
3500 
2800 
000 
{200 


4 
q 
j Preheated Scrap ‘nearly pure Fe 1250 172 
; | Hot Meta 4.40 1.20 1.36 0.13 92.97 Hot Metal, 1.00 pet Si 2440 27 
— Scrap 0.10 05 0.45 0.02 99.38 Hot Metal, 1.20 pct S 2500 40 
; Biown Met 0.05 1.00 20 0.01 99 74 Hot Metal, 1.40 pet S 256 
Blow Meta early pure Fe 2950 606 
Basic Slag 000 
| Btu per Lb 
Slag 16.0* 16.0 480 90 15 to CoO 23.200 
Scale 47 47.5 co :7.400 
co 40,300 
co 44.700 
* Equivalent expressions of iron oxide 15 pet FeO 4 pct N 21.300 
Fe.Os or 14.5 pet Fe 45 pet O N 23,000 
Equivalent expressions of iron oxide 56.9 pet FeO 18.1 pet N 24.700 
FeO wv 70.9 pet Fe 24.1 pet O N [ 27.300 
‘ 
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aDile over a range 


) +4 


] 


adding the vield from 


fort 


crease in 


it’ 


carbon solubility of 


External heat losses 


total amounts of contained iron 


obtained by deducting 2 to 3 pet 


irnace and 2 ti » pct pit losses ad 


a bi Joseph indicate that 


sociated with a 


and 


‘rmits more accurate heat balance calculations 


t 
temperature selected for the 1.20 pc 


compensating. Consequently, only 
ron contents of the hot metal have been varied from 


such as described by McMulkin, 
methods of calculation.” This loss ranges from about 
1.2 to 1.5 million Btu per hr for a new lining, de- 
pending on values used for the mean thermal con- 
ductivity of the magnesite lining, up to perhaps as 
high as 2.5 million Btu per hr for a badly worn lin- 


In the standard practice, refining 


with oxygen of 99.5 pct purity to produce a theoreti- 


final additions 


cal blown metal for top-poured ingo 


i 


on Joseph's data with an allowance fo! 
ure drop in transit of 150°F. An increase in silicon 


to 


perature, slag weight, flux charge, 


carried through in the heat balances 


than this formula indicates. Its composition is 


f several percent, but thermody- 


is carried 


losses 


uring tee 


age, ingot vields will approximate 95 pct o 


ts 


ption with hot metal silicon analysis 


temperature of the iron at the blast furnace 


manganese, but the effect on the 
heat balance is not enough to warrant a correc 
Likewise, it is not worth while 
change of a few points in carbon, since the effects on 
in 


the silicon 


the standard analysis, but the changes in 


etc 


using 


cor! 


compositoin Fe..O. The reported analyses for 
and Fe.O, have been recalculated to corresponding 
contents of Fe..O and Fe,O,. This results in the same 
oxygen, 


ming 


On the aver- 


Change in hot metal silicon content 

It is desired to estimate the variation in scrap 
Data 
an increase 


75°F 


rise 


would normally be accompanied by a moderate 


ect 


from 


“FeO”, actually contains less iron and more oxygen 
Vari- 


namic data are commonly quoted for wustite of the 


FeO 


but 


out 


il blown metal of specified composition, and the 
quantity of blown metal is obtained from an iron 
balance. Details of calculation are the same for bott 
hot metal and scrap. The simplifying assumption is 
made that all fume, dust, shot, and mechanical losses 
from the rnace will be of the same composition 
the theoretical blown metal. Ingot yields m be 


the 


allt 


i 


theoreti- 


con- 


ub- 


A co! 
ig to the oxygen 


lations, and 


th 


the 


e 


Si iron is based 


a tempera- 


over-all 


ion 


fo! 


f temperature and manganese 


a 


one direction and silicon in the opposite are largely 


and 


iron tem- 


have 


been 


Rate of heat loss by radiation and convection from 
the furnace shell has been estimated for a furnace 


standard 


per Lb 

Reaction Mol 
C (as FesC) 2 O, ~ CO 56.500 
C tas FesC) CO 178.300 
Si (as Fe,Si oO. SiO 342.000 
2P ‘as FesP) 5 20. ~ P.O 504,200 
Mn 2 Oy — MnO 165.600 
0.95 Fe O, — Fe wO 114.700 
3 Fe 2 OO, FesO 481,000 
2 CaO Si0 Caio, 53,600 
4CaO P.O » CayP,O 297.000 
FeO S10 » Fe SiO 8,100 
MnO SiO » Mn SiO 10,600 


Table Ill. Heats of Reaction, 77°F 


Heat Evolved, Btu 


per Lb 
Element 


710 per 
850 per 
180 per 
140 per 
.020 per 
160 per 
870 per 
910 per 
790 per 
145 per 


193 per 


ibCc 
ibc 
Ib Si 
lb P 


lb Mn 


Ib Fe 
ib Fe 
Ib Sl 
Ib P 

Ib Fe 


ib Mn 


ing. When blowing is not in progress, the furnace 
will radiate heat from the mouth at a rate of nearly 
200,000 Btu per hr per sq ft of opening. During the 
blowing operation, the furnace will receive radiation 
from the flame, but the rate can not be estimated 
without a knowledge of flame temperature and ge- 
ometry. It has been assumed that the net radiation 


or loss, averaged over the cycle, is relatively 


fain 
small, and an average rate of heat loss to surround- 
ings of 2.0 million Btu per hr has been used for heat 
balance calculations 

The temperature assumed for the hot materials 
involved in the process and the corresponding heat 


contents are listed in Table II. Cold scrap, lime, mill 
scale. and oxygen are all assumed to enter at the 
base temperature of 77°F and hence have no heat 


content relative to that temperature 


Thermodynamic data 

For the heats of reaction in Table III, heats of 
oxidation of carbon, silicon, and phosphorus dis- 
solved in iron were adjusted for heats of solution by 
assuming that the elements are present as Fe,C, 
Fe,Si, and Fe,P, respectively, in the iron at 77°F 
This is consistent with the sensible heat contents for 
hot metal in Table II, which refer to chilled iron at 
base temperature 

Unfortunately, thermodynamic data available for 
s leave much to be desired. All the SiO, has 
been assumed to combine with CaO to form Ca,Si0,, 
and P.O, to combine as Ca,P.O,. Heats of formation 


of other compounds and heats of mixing have been 


neglected for want of exact data, but the error is 
ly small. Heats of formation of iron and man- 


I 


nese silicate in acid slags have also been included 


use in calculating bessemer heat balances 


Sample calculation 

This calculation will present the complete 
material and heat balance for the treatment of 2000 
lb of hot metal of the composition and temperature 
shown in Table I with the required amounts of oxy- 
gen, burnt lime, and mill scale to produce blown 


metal and slag of compositions and temperatures 
tabulated. Quantities of materials will be calculated 
first, and then a heat balance will be made to find 
the excess heat available to melt scrap. The first step 


is to calculate the slag weight by a silicon balance 
From this, the iron loss can be found, and then an 
iron balance is used to determine the weight of 


CHARGE 


iN 


SCRAP 


PER CENT 


5 
0.80 20 40 60 
PER CENT S/L/CON IN HOT METAL 


a2 


Fig. 1—Effect of silicon content of the hot metal on scrap con- 
sumption in the basic oxygen process 
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| 
ot 
re ‘ ‘ ‘ ‘ ‘ 4 ‘ 
7« 
MC MULAIN PERATIONS, S55-MIN. CYCLE 
2) CALCULATED, 80 TONS PER HOUR 
| 3) CALCULATE! 50 TONS PER HOUR 
a | 
No | 
| i 
14 | 
14 
14, 15 
14, 
14 
14 
15 
Ge 
14, 15 


The 


residual elements are tion can now be made of the scrap that can be 
1e material balance and oxygen re- melted per ton of hot metal, and a standard charge 


then known, s | 
juirement calculations can be completed. The heat and its products can be computed 


balance follows directly from the material balance 


Calculation of Standard Practice, 
Slag and Flux Calculation: 1.20 Pct Si Iron: 


400.00 


604 Btu per ibs 5 


Burnt lime (92 pet CaO, ::1 CaO:SiO. rat 168 Ik Charge proportions per ton hot metal: 
; 92 Hot met 2000 It 
ill S er Ib burnt lime 25.2 It Seras 49 


Iron Balance and Theoretical Blown Metal: 


tained scale = Charge Mix and Products Per Net Ton 


Metallic Charge: 
he et t “ et 830.8 it Iren scrap 
Centribution Centribution 


Tetal 


Oxygen Balance fo 


x 


r lron Oxides: 


ling hinal aadition ine ngot 


For the material balance for other elements. sum- range of published accounts 
marized below, the we ignhts of elements are calcu- “yg. . 
Tah} Effect of silicon content of iron 
ated from the analvses of materials in Table I. and 
the mols of oxygen per mol of element are in accord- A set of calculations like the Ssampie one just 
1 equations in Table III completed has 


Material Balance for Elements Oxidized 
and O. Requirement: 


Total 


Input, Lb 


H 2000 it 24 26.0 2¢ 94 operating time of 34 min for 45-ton ch a e- 

Output, Lb ported by McMulkin. He presented a chart for the 

Ay Variation of scrap percentage w ith silicor the 
xidized, by dif 7 24 22 24 

Equivalent Lb Mels ron. based on an operating evcie ot 

Mols « ent 79 


Valent ¢ + ot ca lid pu 
Heat balance calculations are made by multiply- 
ng the mols of elements reacting, from the material 


Table IV. Heat Balances for Blowing 2000 Ib of Hot Metal 


balance by the heat of reaction in Table III. Sensi- 


ble heats are calculated from data in Table II for the 


materials concerned. Details of the calculation are Basic Acid 
Oxveen Bessemer 
not reproduced, but the results are summarized in Heat Supplied M Btu M Btu 
lable IV. It has been assumed that the basic oxy- 
gen furnace is operated to treat 80 tons of charge Heats of oxid 
per hi © the external heat loss is at the rate of ‘ bead : : 
Ss 292 
2,000,000 Btu per hi 67 27 
25,000 Btu per ton 
8U tons De! hi Fe t 2 et 61 + 
= Heat of f t slag 
An acid bessemer heat balance is included in Ta- 
ble IV for comparison. This was calculated for a hot : _ - ‘ 


metal of 440 pct C, 1.40 pet Si, 0.50 pct Mn, at 7 — nas 
2560°F. A heat loss rate of 40,000 Btu per ton has . a 


Heat Consumed 


been used in view of the thinner lining and shorte1 i . 
Sensible heat b “ met at 
duration of the carbon blow in the bessemer. but this Senathin haat .s 2 
has not been supported by a detailed estimate of 9 
heat losses Exterr heat losse 2 4 
Material and heat balances have been made fo: Total heat requirement 1.588 1.814 
the hypothetical conversion of one net ton of scrap a er 
to liquid blown metal. The results are summarized in to melt scrap, by difference 4 114 
Table V. The thermal requirement is 1207 Btu per a 1.988 928 


ton or 604 Btu per lb of scrap consumed. A calcula- 
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i i A 
id 
S10; formed from 24 Ib Si in iro 24 51.3 Ib SiO Btu 
28.08 pe ‘ ‘ 663 
Slag weight 1¢ t SiO 51 
249 
Weight the 
1974 
Lt ‘ i8.9 
ee t 25.2: .241 6.06 it Lb burnt < 2t 2 2 
equ ent »xides slag $21 45 14.43 It SCF Oxvee 99.5 pet 44 1 4 
woe Net O» required from gas = 8.37 It 7,32 26 Ib: the 4 
ve ‘ Fe 2 25.21.47 14-12 9.4 it Lb theoretical blown meta 1379 49" 
‘ ease 
vet cl ge in 25.2) 47 2 2 t ld 
24 this practice, at 95 pct of theoretical blown etal 
69 OF ¢ Would De Lidl lb pel ton metallic charge Or an 
ee 0.01 ols FeO ve ll vield f 89.0 pct. wi } ell within the 
i 
pct content Naving the anaivs¢ ana te eratures 
discussed earlier. The salient results are summarized 
a in Table V, together with those for the 1.20 pct S 
n na ror These re iif med 
si Mn Fess I Cat ‘ iit i A 
yperating rate of blowing 80 tons of metallic charge 
\I } 2 2 2 4 Aer ri is 
am ene f 99.5 pet Oy, per net ton hot meta 5.04/379) 995 reproduced in Fig. 1 together wit} ‘alculated ‘ 
lations for treatment rates of 50 and 80 tons per ht 
* Net { , An adjustment of the calculations for the combus- 
ve a caiculated Dalance 
4 ¢ co f le +} pct f the CO the « 
al 
] 


estimated scrap consumption at the 50 tons per hi 
operating rate almost exactly on McMulkin’s line fo: 
actual operations 

This agreement between prediction and practice 
is remarkable—much better than the accuracy 
claimed for the estimation. It should be noted that 
the calculations were made objectively, employing 
standard thermodynamic and engineering data from 
the literature, and using independent sources to 


check for consistency and accuracy wherever possi- 


ble. The excellent agreement with practical ex- 
perience shoul justify having some faith that 
the extrapolations to follow will be good enough t 


serve a useful purpose even though they can not be 
expected to be perfectly accurate 

Other oxygen- or air-blown process: acid 
and basic bessemer 


If the standard 1.20 pct Si hot metal of the preced- 


ing calculations were to be blown with air, instead 
of oxygen, and if the 7180 cu ft of nitrogen from the 

alr left the furnace at an average temperature of 


there would be a thermal deficit 


for the process even if no scrap were charged. It is 


well known that standard basic iron can not be bot- 


Why, then, is the acid bessemer successful? It is 


not Decause more is generated 


because it can be seen from Table IV 

manganese content and lower heat of formation of 
slag more than offset the fuel value of higher silico: 
content. The major advantage stems from the muct 
ower slag volume of the acid bessemer, togethe! 


at the gases leave at a lower average 


temperature re acid bessemer is not only the 
mally self-sufficient but can consume about 8 or 9 
pct scrap fo! the iron composition lllustratea 


The thermal deficit shown for blowing American 
explains very clearly the need fo: 


high phosphorus iron in the basic bessemer or Thom- 


as process of Europe. Since Thomas iron is usually 
low in carbon and silicon, a phi sphorus content ap- 
proaching 2 pct is necessary to provide the neces- 
sarv hea for the afterblow under a strongiy basi 
slag 

It is easily seen how the elimination of the nitro- 
gen ballast from air, by the use of nea pure oxy- 
gen, has given basic oxygen steelmaking almost 
complete freedom in the range of composition of 
ron that can successfully be refined. The critical 


Table V. Summary of Calculations for Standard Oxygen Blowing 
Basis 2000 Ib of Metal Specified, 80 Tons Per Hr 


Hot Metal Cold 
1.00 Pet Si 1.20 Pet Si 1.40 Pet Si Serap 


321 
5.04 5.23 14 

1920 19% 

400 


7 663 746 
22.4 24.9 27.2 


etallic charge, 80 tons per br 


1552 1502 


consideration has been shifted from heat balance to 
ease of phosphorus control 

No attention will be given here to European 
developments in using oxygen-steam and oxygen- 
CO. mixtures in bottom-blown Thomas vessels fot 


the purpose of nitrogen control. It is sufficient to 


> 


out that heat balance considerations in these 


processes, including temperature control at the 
tuyeres, are amenable to calculation by methods 


similar to those illust 

Another European practice of little immediate 

portance in the United States is the use of ore In 


rated 


place of scrap as a coolant This is desirable where 
, 

scrap is scarce because of steel exports, and it 
amounts to direct reduction of ore in the steelmak- 


ing furnace with a gain in iron yield and saving in 
oxygen. The thermal equivalence of ore to scrap Is 
easily calculated for a given ore analysis and slag 
practice 
Surface blowing 

One of the major shortcomings of the basic oxy- 
gen process, as developed at Linz and carried out in 
heat- 


the US and Canada, is the utter waste of tt 
ing value of the CO leaving the 
amounts to 780,000 Btu per ton of hot metal, assum- 
ing CO at 3000°F could be burned to CO, leaving 
at the same temperature, using pure O.,. This is 
almost twice the amount of excess heat now utilized 


' Not all of this heat could be recov- 


at 
furnace. This loss 


scrat 
ered in practice in a furnace of reasonable size, but 
even so there is a fantastic squandering of heat 
need for burning the CO 
wastefully in the exhaust system adds to the prob- 


lem of fume disposal 
The idea of recovering at least a portion of the 


fuel value of the CO inside the vessel is not new, 


nits. Still worse, the 


and in fact the trick of tilting the converter and sur- 


face-blowing for temperature is known to every 
bessemer operator. This is also the basis for the 


development of the turbohearth process” for blow- 
ing 


urnace 


h air in a basic 


ican basic iron to steel wit 

A calculation has been made for this proc- 
t lustration, with the 
» CO. and N, resulting from the 
O leave the furnace at 3200°F 


assumption that th 


‘ombustion o 


N. from air used for the refining reactions was as- 
i to leave at an average temperature of 
2800°F. The results are summarized in Table VI 
The conservation of the heating value of CO in 


oxygen steelmaking has been given considerable 


Fig. 2—Hot metal being poured into the basic oxygen furnace at 
the Aliquippa Works of the Jones & Laughlin Steel Corp 
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Li 
— 
es «i> 
7 
Mill scale, It 21.0 25.2 29 
Burnt e, ib 14 168 195 7 
Theor. blown metal, It 1844 27 192 
Siag t juced, Ib 268 ty 
Excess heat, M Btu 348 
Heat required, M Btu 207 
Lb scrap per ton iro 5 
Hot metal, Ib 1456 an 
Cold scrap, ib 448 498 544 
Mill scale, Ib 16.5 19.2 216 > 
Burnt lime, Ib 110 128 144 in... JF “<a 
Slag produced, Ib 211 244 276 — 
Theor. blown metal, Ib 1877 1875 1872 
Approx. ingot vield, Ib 1783 1781 1778 
: 


A 


Table VI. Calculated Percentage of Scrap in Charge for Variations 
of the Basic Oxygen Process 


Cold Preheated 
Practice Variation* Serap 120° Serap 
s x t 2 2 


B co CO et 
co N 2 t 4 49 

T 

attention in rope and has lead to the develop- 
ment of at least two variations of the process de- 
igned to accomplish this, among other objective 
These are the Kal-Do” process at Domnarvet and 
the Rotor’ process at Oberhausen. Both are carried 
out in rotary furnaces, but they differ in details of 


peration and construction. In the Kal-Do process 


u {f the xygen is admitted above the irface oO 
the metal, but with the intent of burning CO wit! 

the furnace. The Rotor process makes use of tw 
eparate lances, one dipping below the metal sur- 
face for refining and the other inserted bove the 
lag for the express purpose of burning CO. The 


latter is done with low-purity oxygen, but cold 
preheated air or pure O, could all be used with ap- 
propriate adjustment of the charge 
From the standpoint of the farsighted metallur- 
t, the principle underly) 
rt +} +) > lot 
more importance than thelr daifierences in detalis 
The particular furnace design is, of course, impor- 


tant to Capital costs, refractory life, ease Of metali- 


lurgical control, and fume problems. Looking be- 
yond this, the same principle can be carried out in 
trunnion-mounted furnaces, or in furnaces of the 
future that will probably replace those in current 
use In any event. 

For the present irposes, two extremes of the 


possible range have been selected. In one, the CO is 


burned within the furn ntary sup- 
ply of cold air, with esumed ti 
leave at 3200 F. The th ygen 


as in the standard practice, and a heat loss of 25,000 


Btu per ton is assumed to keep things on a com- 
parable level. In the other variation, enough 99.5 
pet O, is supplied to burn the CO to CO, within the 
furnace, and in view of the high flame temperaturs 
to be expected, CO, is considered to leave at 3500° F 
The calculated maximum scrap consumption for 
these processes is given 1n Table VI 


Use of preheated scrap 

A scrap preheater for use with electric furnace 
charges was recently described by Leary and Phil- 
brook.” This work, done at the Bureau of Mines in 
Pittsburgh, showed that scrap can be simply and 
economically preheated to moderate temperatures 
by gas or oil in a furnace patterned after a drop- 
bottom charging bucket. Application of this same 
principle to oxygen steelmaking practice could in- 
crease scrap consumption by about 7 pct for an 


average scrap preheat temperature of 1250°F as 
shown in Table VI. 


Comparisons and conclusions 

It is apparent from the calculations presented 
that basic oxygen steelmaking is inherently an ex- 
tremely versatile process and that its full poten- 
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have not vet been explored. Relieved of the 
deadload of nitrogen that holds down air-blown 
processes, it not only makes steel of admirably 


tialities 


ow nitrogen content but also enjoys a wide degree 
of freedom for adjustment of heat balance to handle 
varying proportions of scrap. The economic picture 


is generally favorable too, but this factor is outside 


It has been shown that there are several possi- 
ties for increasing the scrap consumption of oxy- 
gen steelmaking processes up into the general range 
40 to 50 pet. It is not certain that the full range 
f variation shown in Table VI will prove to be 
commercially feasible or attractive. For example, 
combustion of CO in the furnace by pure oxygen 
i to flame temperatures too high for good 

the process. There is 
no point in using oxygen for a job that air will do 


more cheaply, and no virtue in pushing scrap con- 

imption beyond the limit set by economic avail- 
ability. Furthermore, preheated air would decrease 
the spread between practice variations 2 and 3 of 


Table VI. An infinite range of variation between the 


minimum scrap usage of practice 1 and the maxi- 
mum usage of practice 2 is possible by controlling 


the amount of combustion oxygen supplied and by 


the use of air preheated or enriched with oxygen in 


varying degrees. Still further versatility is possible 
? 

through the use of ore as a coolant instead of scrap, 

thus extending the range of applicability down to 


0 pet scrap at the opposite extreme 
allurgical side, oxygen steelmaking 


has already proved itself capable of making excel- 


ent low-carbon steel from basic iron on the low 

ie of normal phosphorus content for North Ameri- 
can ores. There is no reason why higher phosphorus 

nm can not be handled by the use of a two-slag 
process if necessary. Carbon control for making 
medium and high-carbon steels is simply a matter 
of technological development. It is not too far- 
fetched to dream of the basic oxygen process as a 


computer-controlled automatic steelmaking opera- 
tion, if sufficient attention is given to obtaining an 
accurate description of the composition, tempera- 


ure, and quantities of materials charged 
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Metallurgical Society CARLETON C. LONG NOMINATED AS 
Division Officers PRESIDENT-ELECT OF THE METALLURGICAL 


Nominated for 1959 SOCIETY 


Carleton C. Long has been nomin- 
Nominating Committees of ated as Vice President of The Metal- 


ctive Metallurgy. Iron an lurgical Society for a term of office 


and Institute of Metals Divi of one year t 1ing in February, 


ve submitted the names o 1959, according an announcement 
officers and Exe by J. C. Ki ar, Jr.. Chairman of 
The Metallurgical Society Nominat- 
ing Committee. The Vice President 
automatically becomes President of 
the Society in 1960. Dr. Long is as- 
sociated with St. Joseph Lead Co 
His biography appears on page 485 
The Extractive Metallurgy Divi- 
ion h nominated the following 
serve on The Metallurgical 
Board of Directors, begin- 
; ning in February, 1959: J. D. Sulli- 
Treasurer, van, Battelle Memorial Institute, for 
Smelting and a three-year term, R. R. McNaugh- 
utive Committec ton, The Consolidated Mining and 
McCabe, Cat Smelting Co., r a two-year term, 
Technology; J. D and A. E. Lee, Jr.. American Metal 
Memorial Insti- Climax Inc., t a one-year 
term during 1 incumbency§ as 
Chairman of EMD 
The Institute of Metals Division 
nominated J. H. Hollomon, Gen- 
Electric Co., to serve a three- 
’ term. In addition, O. T. Marzke, 
United States Steel Corp., as Chair- nominated J. S. Marsh, Bethlehem 


man of the IMD, will serve a one- Steel Co., for a two-year term of 


to serve 


F nominees has 
the Iron and 
ting Commit- 
1 Tenenbaum, 
l1airman-elect, 

States Steel 


bylaws of the « 
Steel Division will reduce vear term on the Board of Directors service, and C. E. Sims for a or 


of elected Executive The Iron and Steel Division nom- ves ‘-m: H. B. Emerick, Jones & 
ta inees to The Metallurgical Society Laughlin Steel Corp., will serve the 
Board of Directors are R. W. Farley, second of a two years term on the 
Republic Steel Corp., for a three- Society Nominating Committee 
vear term; and Michael Tenenbaum, Those chosen to represent the In- 
Inland Steel Co., for a one-year term stitute of Metals Division on the 
as Chairman of ISD Nominating Committee are W. J 
Nominations to The Metallurgical Harris, Jr.. NAS-NRC., W. R. Hib- 
Society Nominating Committee from bard, Jr., General Electric Co.; and 
the Extractive Metallurgy Division David Swan, Linde Co 
er to vote: National Open Hearth are J. C. Kinnear, Jr., Kennecott During the year 1959-60, The 
Steel: Blast Furnace. Coke Oven. Copper Corp.; R. R. McNaughton, Metallurgical Society will be under 
and Raw Materials: Executive Com- The Consolidated Mining and Smelt- the leadership of John Chipman, 
mittee of the Electric Furnace ing Co. of Canada, Ltd.; and P. T Professor of Metallurgy, Massachu- 
Committee: Physical Chemistry of Stroup, Aluminum Co. of America setts Institute of Technology, as 
Steelmaking: Acid Converter and The Iron and Steel Division has President 


ance gy enn eee O. T. Marzke, United States Steel to serve on the Nominating Com- 

and Membership Corp.; Senior Vice-Chairman, T. A mittee for three years are: N J. 

Read, University of Illinois; Vice- Grant, Massachusetts Institute of 

The Institute of Metals Division Chairman, J. H. Jackson, Battelle Technology; J. H. Keeler, General 

has nominated the following indi- Memorial Institute, and Secretary- Electric Co., and R. L. Smith, Frank- 
viduals to serve in 1959: Chairman, Treasurer, R. W. Shearman. Those lin Institute 


Cc. C. LONG 


ttee members from nine 
order for attrition to take 

the ISD will nominate no ad- 
members to the Executive 

he vear 1959. The 

ised bylaws provide that the 
en of the following commit- 
shall be ex-officio members of 
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The ‘Te 
cutive 
Office 
tive M 
seTVice 
the AIM 
follow! 
E. I 
max Ih 
ann, J 
retary 
r. 
Refinir 
1959-19 
negie Ir 
Sullivar 
The f 
bee! 
Steel D : 
tet Cc} 
Inland 
J. d. G 
Corp. A 


For President-Elect 


ound water sup- 


the Mineralogi- 
America, and a mem- 
and Metallurgical So- 


is currently serv- 


1958 include that of Vice- 
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Nominations for 1959 AIME Officers Announced 


Chairman of the Executive Commit- 


tet and Chairman of the Member- 
Gifts Can paign for the new United 
Engineering Center) for AIME Mem- 
bers. He has served as President of 
nstitute in 
ect of the 
gist tak- 
1 Fel lary, 


For Vice Presidents and Directors 
Walter R. Hibbard, Jr.. manager of 
Allo Studies Section Metallurgy 


and Ceramics Research Department 


General Electri Researc! Labora- 
tory, Schenectady, has been nomi- 
nated by The Metallurgical Society, 


of AIME as AIME Vice President for 
me veal The Society of Minit 


gineers and the Socte if Petrol 

F ire ca epres¢ ed 
two ncumbent Vice President 
Currently the President of The let- 


allurgical Society of AIME. Dr. Hib- 


bard was born in Bridgeport, Conn 
He graduated f: Weslevan Uni- 
ve t r 1939 witl 1 degree I 
pnvysicai chen t ana ece ea a 
aoctorate n p! ca metaliurgs 
from Yale Unive t Y42 After 
three vea with the metaliurgica 
sect I f the Bureau f Sh ps USN 
he returned to Yale i assistant 
professo ate becor g an asso- 
ciate prote ‘ Dr. Hibbard nea 
the taff of General Electri Re- 
earch Laborato! 1951 ind wa 


since 442 ery £ CeSSIVE or 
the Progran Com! ttee tne Ma- 
thew n Gold Me il Committee, the 
Publications Committees and the 
Executive Committee. An author of 
more than 60 technical papers in the 
heid of physical metallurgy, he has 
1deavored toa ire nigh 


AIME technical publi- 


the AIME Rossiter W 


recipient o 


Raymond Award 


Hibbard was the 1950 


John C. Kinnear, Jr., General Man- 
ager, Nevada Mines Div., Kennecott 
Copper Corp., McGill, Nev., has been 
nominated by The Metallurgical So- 
ciety to serve as AIME Vice President 

vear and as a Director for 
ars. The first President of The 
rgical Society of AIME, Mr 

was born in McGill, Nev 

He graduated from Pomona 

Claremont, Calif with a 
1936, and obtained a BS. in 


netallurgy at the Massachusetts In- 


stitute of Technology While at MIT, 
he first joined AIME as a student 
ssociate 


During his summer vaca- 
tions he worked for Nevada Consoli- 
dated Copper Corp. After graduat- 
ing MIT, he went to work for Ken- 
necott at McGill Smelter, transfer- 
ring to the Chino Mines Div., Hur- 
ev, N. M., in 1939. Mr. Kinnear was 


present at the blowing of the Hurley 


nelter. He became assistant super- 
ntendent of the smelter in 1942 
assistant to the 


Promoted to the 
| manager, Mr. Kinnear re- 
turned to McGill, Nev. in 1948, and 
became assistant general manager, 
Nevada Mines Div in 1949. He as- 
sumed his present duties as general 

anager in 1950 

Active in AIME, Mr. Kinnear is 
past-chairman o! the AIME Nevada 
Section, past-chairman of the Papers 
an gram Committee of EMD 
past chairman of EMD; and a past- 
ident of The Metallurgical So- 


ciety of AIME 


Elmer A. Jones, now Past-Presi- 
dent of the Society of Mining Engi- 
neers Was the first President of 
SME. He has been nominated by the 
Society of Mining Engineers of 
AIME to serve as AIME Vice Pres- 
ident for one vear, and as a Directo! 
tor three vears 

A native of Minneapolis, Minn., 
Mr. Jones is manager of Southeast 
Missouri Div. for St. Joseph Lead 
Co., with headquarters in Bonne 
Terre, Mo. He graduated from the 
University of Minnesota School of 
Mines in 1924 with a degree in min- 


W. R. HIBBARD, JR 


J.C. KINNEAR, JR 


“ 
195% Vir. Grill n received the ( 
Jach ng Award of AIME 
é j 
3k 
i 
J. L. GILLSON 
Joseph L. Gillson has been non 
yd nated t erve as AIME President- 
od Elect in 1959 Mr. Gillson ha been 
) nominated by the Society of Mining 
Enginee! f AIME, the Society des- 
. nated to nominate the 1960 Presi- 
ry lent The Metallurgical Society of 
+H AIME will nominate the 1961 Presi- 
‘ 
der 
riailing Evanston Ill., Dr 
a G n received | B.S. from North- , 
1917 Material ind Proce section the 
following veal! n 1953, he assumed 
erved in World War I as a Lt ).2£ f 
7.8. Navy. He received bia mecters his present A past chairman of 
ived his I n IMD 
jegree from his Alma Mater in 1920, IM 
= il was granted a Sc.D. in geology 
“io from the Massachusetts Institute of 
re! recht g n 1923. From 1925 to 
aa 1928, he taught at Harvard Univer- 
»- t ind Massachusett Institute of 
Technology, and ibsequently joined 
the E. I. Du Pont de Nemours & Co 
. as a geologist in 192i During the 
tivitw with thet cca: standards in 
- vears of his activi with that com- 
pany ne a e a specials in 
exploratior for titaniun ores, and 
be. has been active in the advancement 
of the minera ndustry field. In 
"4 1940, Gillson served as a special geo- 
logical advisor for the government & 
of Travancore India His travels 
i: have taken him all over the world, 7 ¥ 
’ and he has made explorations in a Be 
search of sulfur, ilmenite, fluorspar 
a and other raw materials, as well as _ 
plic 
The author of a host of technical 
mi: article he is a fellow of Geol cal _ a 
Society of An | 
cal Society of } 
ber of Mining | 
ciety of America i tne 
AIME, in which hq “¢ - 
a ing his second term as Vice Presi- 
dent. His other activities in the In- 
484 — 
i: 


ing engineering. His career com- 
menced when he served as an en; 

neer with the Minnesota State High- 
way in 1924, and in 1925-1926 he 
worked for what is now part of Ten- 
nessee Copper Co., Ducktown, Tenn 
Mr. Jones began his long affilia- 
tion with St. Joe in 1926. Before as- 


sion 


suming his present post of division 


manager, he had served the company 
successively, as mine surveyo 
ty inspector, 
superintendent, and assistant 
superintendent 

years with St. Joe, M: 
pated from the very 
mine mecnanization in t 
Two of his AIME publicati 
dealt with this subject, 
considered an auth 
mining operations 

Thomas C, Frick, regional! 
of the South Lot 
Atlant 
quarters at 
nominated by th 
leum Engineers « 
AIME Vice Pre sid 
and as Director f 

In 1929, Mr 


in 1936, shortly be 


versity 
University 


Petroleum 

versity, he was instrum i 
founding of the AIME student 
ter 
In 1941 he accepted a positi 
Atlantic Refining Co., Dallas 
job analyst in wag 
ministration 

moved from 

ground, but 

since proved invaluable to h 
returned to troleum 


in 1944, as 
for Atlantic 


E. A. JONES 


in West Texas as 
ident and later re- 
manager From 
as regional man- 
in Corpus C 
t 


ransterrea 


Directors 
John Chipman, Head of the Dept 
f Metallurgy 


I became pr I 
at the Massachi Instit 
Technology and . Head 
Dept 

During the 
of the Metalh 


T. C. FRICK 


it Massacht s In- 


Manhattan 
University 


Carleton C. Long 
inated by The Metallu 
of AIME as AIME Dire 
vears. Mr. Lor i nativ 


J. CHIPMAN 
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quently, he serve part of the P| Project lo- 
district superinte cated at the of Chicag 
gional operatior He also directed work at MIT along 
1951 to 1954 he similar lines : 
ager for Atlanti His interest in the chemistry of ; 
and in 1956 was t liquid iron and steel has continued 7 
las as manager of the Production and has led to a considerable num- 3 
Div. of the Domestic Crude Oil Dept ber of publications. Dr. Chipman “ 
| He assumed his new position as re- has been awarded the Laoana Gold 
gional manager of the South Louisi- Medal of the Italian Metallurgica 
ana Region of the company, June | Assoc.; the Brinell Gold Medal of the 
1958 Swedish Academy of Engineering 
Mr. Frick’s work with AIME in- Sciences; and the Bessem«s Gold a 
cludes service as a past chairman of Medal of the Iron and Stee Inst 
the East Texas Local Section, and and in 1957 the Gold Meda I tne - 
the Permian Basin Section; Branch American Soc. for Metals 7 
Vice Chairman of Southwest Texas Dr. Chipman is a member of : 
Section (1954) and Advertising Com- AIME, The American Soc. for Met- - 
mittee Chairman: and as Chairman als. The Iron and Steel Inst. of Lon- 
of the Petroleum Branch of AIME in don, the Swedish Royal Academy of 
1956 Sciences, the American Academy of 7 
Arts and Sciences, and the Nationa 
Academy of Sciences of the United 
States 
stitute lecni nas been nom- s been no! 
nated by The Metallurgical Society il Society “ 
f AIME., t erve as AIME Director tor for three 
for three vears. Born in Tallahassee, e of Boulder 
Fla., he received | B.A. from the Col is direct of researcl ni 
at tne Missouri School of Mines University f the Soutl Sewanee smelting div St. Joseph Lead C 
After one vear of chemical engineer- Ten! in 1922 Du ne World Wai I Ed icatea n tne West where ne re- 
ing study there, he transferred to the he served as 2nd Lt. of field artillery ceiveaq a cnemica engineering de- 
University of Tulsa, and in 1933, was After tw vears graduate work in gree and a Ph.D. in cher try fron 
a member of the first graduating physical cher try at the State Uni- Stanford University. he came east in 
class in petroleum engineering fron versity of Iowa, he served for tw 1935 to joint the techr taff of 
that University. After graduation as assistant professor in Josephtown Smelter 
he joined the refining dept. of Phil- Illinois Wesleyan University Fur- A member of AIME since 1937, he 
lips Petroleum Co., working there ther gra auate work at the Univer- functioned as Chairman of the Lead- 
from 1933 to 1936. Mr. Frick ned sity of California terminated in a Zinc Committee in 194i ne of the 
AIME EEE fore return- Ph.D. in physical chemistry in 1926 founders of EMD and as its Chair- 
ing to the WM «of Tulsa. As After three years as assistant pro- man in 1950, Metals Branch Chair- : 
assistant professor and head of the fessor of chemistry at Georgia school man in 1951, Direct AIME 1954- 
production dept f the School of of Technology, he went to the Uni- 1957 Chairman Douglas Award 
» Uni- versity f Michigan as research en- Committee 195¢ He s currently a 
n the gineer, his chief assignment there member of The Metallurgical Societ 
chap- being the application of physical Board of Directors. A past Chairmar 
chemistry to metallurgical prob- of the Pittsburgh Section, AIChE 
with lems. In 1934 he became associate and a registered professional eng 
as a jirector of the Research Laboratories neer in Pennsvivania, Mr. Long has 
y ad- of the American Rolling Mill Co participated in the affairs of a broad 
¢ re (now Arm Steel Corp.) In 1937 spectrum of professional and tech- ; 
back- allurgy nical societies Profess nai pubdilica- 
h has ite ol tions by him have dealt principally 
the with electrothermic zinc, and 
leering tne development of young engineers j 
listrict superintendent head 
in East Texas. Subse- that OR 
j 


A. B. CUMMINS 


Arthur B. Cummins, manage! 
Central Chemical and Physical Re- 

rch Dept Johns-Manville Re- 
Center, Manville, N. J., has 
been nominated by the Society of 
Mining Engineers as AIME Director 
for thr rs. Born in Los Angeles, 
ve. from 
the U 


receiving his 


earcn 


graduated 


Wa awarded 
niversity 
ing 
Universi 
chemist, |! 
Calif 
became a devel 


and in 1927 was 


Lompoc 


research enginee! 
Johns-Manville 
he Celite Co. in 
Was made 
research. He was advanced to super- 


I 1943 


of a research division in 


assumed owne 
1930. Dr 
manager of celite 


research department manager in 
1948, Manager of Basic Research 
Magnesia and Minerals Dept. in 1950, 
and became manager of the Central 
Chemical and Physical Research 
Dept. (including research and 
minerals) in 1956 

Dr. Cummins’ activities with AIME 
include service as Eastern Vice 
Chairman, IMD, 1946; Chairman, 
IMD, 1951, Director, AIME, 1951: 
and member, Editorial Board, Seely 
W. Mudd Series, Publication Indus- 
Mineral and Rocks, 3rd Edt 
1957-1958 

J. W. Woomer, President-Elect, the 
Society of Mining Engineers, has 
been nominated by the Mining So- 
ciety of AIME as AIME Director for 
three years. A native of Philips- 
burgh, Pa., he received a B.S. from 
Pennsylvania State University in 
1925, and an E.M. in 1931. During 
his summer vacations he worked in 
the central Pennsylvania coal fields 
and later in Maryland. Mr. Woomer'’s 
earliest professional association was 
with the Pittsburgh Coal Co. and he 
was later active in the Ohio fields 
during a period with Hanna Coal Co 
He formed his consulting firm in 
1940 

Mr Woomer’s activities have 
taken him to almost all states in the 


trial 
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J. W. WOOMER 


countries 
and 


to Canada: many 
America and Europe; 
I and Australia 
East. His professional work h 

concerned with lignite 


copper, u nium, iron 


coal, 
vs potash 
sands and shales 
An active member of the SME 
Coal Division, Mr. Woomer is serv- 
ing as Chairman of the Division in 
In addition to his AIME asso- 
a director of the Engi- 

if Western Pennsyl- 


Vania an ther organizations 


1958 
Clatllor 


neerin 


John S. Bell, California area man 
ager, Humble Oil & Refining Co., 
with headquarters in Los Angeles, 

been nomin: i by the Society of 
AIME Di- 
Hailing from 
received his 
engineering from 
Oklahoma in 1930 
later he joined Humble 
as a rotary helper in Roanoke, La 
He enutered the petroleum engineer- 
ing dept. in 1934 working as a junior 
petroleum engineer and later as dis- 
engineer until 1938 
i became division petroleum 
engineer. Mr. Bell served in this ca- 
pacity in Humble’s North and East 
Texas Divisions until being trans- 
ferred to California as district su- 
perintendent in 1950. He was ap- 
California area assistant 

in 1952, and in 1955 became 


Pe roleum engine S as 
rector for 
Fort Worth 
B.S 
the University 


Three 


tnree vears 
Texas, he 


in petroleum 


years 


str 


tric troleum 


pointed 
manage! 
area managel 

A member of AIME since 1939, Mr 
Bell has actively served in Local 
Section and National levels. He is 
President-Elect of the Society of 
Petroleum Engineers of AIME 


The second Director representing 
the Society of Petroleum Engineers 
of AIME will be the 1960 President 
of the Society, to be nominated in 
October. 1958 


Incumbent AIME Officers and Direc- 
tors as of March 1959: 

The President of AIME for 
will be Howard C. Pyle 

Past-President for 1959 
Augustus B. Kinzel 

Vice Presidents for 1959 will be 
E. C. Babson, Society of Petroleum 


1959 


will be 


Engineer 


neer 


Campbell 


The follow wi 


Sor 


Basil 


as AIME Direct 
Strandberg Li 
D Michaelson 
Engineers: J 


Thornton, T/ 


Kan 


Ey gineers 


ABSTRACT DEADLINE 
JULY 15 


The deadline dat 
mission of abstracts 
sessions at tl Fall Meeting of 
The Metallu gical Society, 
tober 27-30, Carter 
Cleveland, Ohio 
1958. The abstracts sl 
between 200 to 300 wor 


should be submitted 


3) copies to 


IMD Programs C 
The Metallurgi 
of AIM 


t 39th Str 


(No photographs, diagrams 
ink luded 
and Physics 
ittee Is spon- 
at the Fall 
Effects of Small 
and on Point Im- 
perjections The Physical Met- 
allurgy Committee will 
session on the Effect of Order- 
ing on Mechanical Properties 
Selection of papers for these 
symposiums will also be 


tables should be 

The Chemistry 
of Metals Comm 
soring 
Meeting on 


Dimensions 


sessions 


hold a 


based 
on submission of abstracts. The 
same rules apply, and it is sug- 
gested that in submitting ab- 
stracts to the IMD Programs 
Committee, that they be 
marked for the attention of the 
technical committee concerned 

The Iron and Steel Division 
sessions and the Extractive 
Metallurgy Division 
will consist of invited papers 


sessions 


A 
’ 
¢ 
4 
J. S. BELL 
Be U.S n Emme Roger V. Pierce, and L.C 
Ch 
pre serve rs for 1959 
F. W ar Weaver 
ig and Society of 
Mining Vanick, and 
A. W. Ene Metallurgica 
nors I nd 
5 rs. He @Hiety: and J. P. Hammond, and 
ate by the Mitzer. Society of Petroleun 
| n 1926 
assignment 
lifornia as 
2 ed the Ce- 
ypment en- 
in three 
a New York 18, N. Y 
“(a 
hic 


Plans for the Fall 
Meeting of The 
Metallurgical Society 


The Fall Meeting of The Metal- 

Society, sponsored by the 

of Metals Division, will be 

Metal Congress, 

October 27-30. Sessions of The Met- 


lurgical Society are scheduled for 


loringe th 
rie 


the Carter Hotel in Cleveland. Ap- 
proximately fou n 


researcn mmaries on various 


sessions will 


phases of 1 arch in the area of 
physical m llurgy and will be 


; 


based on th l ission o! 
f Metals Division 
ll be 


abdstrac 


comprising tn 
The Metallurgical 
t 
The IMD Titanium Commi 
onsor its Seven Annual 
n Svmposiun 


afternoo 


Several 
market 


will 


tTwo-session 
ication of fuel 


mn papers will be 


IMD Powd r Me 


1 on Thurs- 
Meeting 

papers 

ow de 


idation 


be followed 
powder meta 
the Geneva 
A luncheon is sched- 
time a talk will be 
ring the 1958 Reutte 
on Powder Metallurgy 
timed to 
permit attendance of members at a 
joint ASM-MPA session on powder 
metallurgy 
The IMD Chemistry and Physics 
of Metals Committee has scheduled 
sessions on Effects of Small Dimen- 
sions and Point Imperfections 
The IMD Semiconductors Commit- 
tee IS inaugurating a session on 
Monday morning of the Fall Meet- 
government-sponsored re- 


cheon program is 


ing on 
search on semiconductor materials 
It is expected that representatives 
of each of the services will discuss 
the nature of sponsored research and 
progress made to date. The techni- 
cal sessions will be followed by a 
luncheon 

The IMD Physical Metallurgy 
Committee will sponsor a symposi- 
um on Effect of Ordering on Me- 
chanical Properties. The symposium 
will include invited papers and sub- 
mitted papers 

The IMD Refractory Metals Com- 
mittee is cooperating with the IMD 


1958 ELECTRIC FURNACE CONFERENCE 


For the first time, Detroit will be the site of the 1958 Electric Furnace Conference, 
to be held in December 1958. The Conference will take place at the Statler Hotel, 
December 3 to 5. Technical sessions are scheduled for Thursday and Friday, Dec. 4 and 
5, and Wednesday, Dec. 3, will be highlighted with a plant trip to Ford Motor Co. The 
annual dinner will be featured on the evening of Dec. 4, with an address by M. K 
Schnurr, President of the Stainless Steel Division of Jones & Laughlin Steel Corp. Toast- 
master on this occasion will be K. D. Cassidy, group executive, Ford Motor Co 

The technical program is being organized under the supervision of V. E. Zang, 
Chairman of the Executive Committee, and A. C. Ogan, Chairman of the Conference 
Committee. Serving as Chairman and Co-Chairman of the Local Committee on Arrange 
ments are O. G. Specht, Jr., Electro Metallurgical Co., and W. E. Hart, Ford Motor Co 


Temperature Alloys Commit- 
the presentation of two ses- 
ions of mutual interest 

The IMD Electrical and Magnetics 
Metals Co will sponsor an 
educational session at the Fall Meet- 
ing 

The EMD Physical Chemistry of 
Extractive Metallurgy Committee 
will present symposiums on _ the 
Physical Chemistry of Refining and 
on New Applications of the Phase 
Rule in Extractive Metallurgy 

Membe of The Metallurgical So- 
ciety planning attend the Fall 
Meeting are urged to make then 
reservations hotel in 
Cleveland of without 
delay in order to avoid disappoint- 


choice 
ment 


Assistant Secretary 
of The Metallurgical 
Society Appointed 


D. C. JOHNSTON 


The appointment of Douglass C. 
Johnston as Assistant Secretary of 
The Metallurgical Society of AIME 
has been announced by Walter R 
Hibbard, Jr., President of The Met- 
allurgical Society. Mr. Johnston will 
serve as Assistant to Robert W 
Shearman, Secretary, and will co- 
ordinate activities of technical com- 
mittees and arrangements for tech- 
nical conferences. He will have the 
title of Assistant Secretary for So 
ciety Affairs 


r. Johnston is a recent graduate 

fassachusetts Institute of Tech 
nology, where he majored in metal 
lurgical engineering. He has worked 
for Bethlehem Steel Co. at Bethle- 
hem, Pa., and for Atlantic Refining 
Co. at Philadelphia. Mr. Johnston 
began service with AIME on June 23, 


1955 


Rosenhain Medal 
Awarded to 
J. H. Holloman 


Dr. J. H. Holloman, 
metallurgy and ceramics research 
department, General Electric Re- 
search Laboratory, Schenectady, 
N. Y., has been awarded the Rosen- 
hain Medal for 1958 by the Institute 
of Metals, in London, England 

He was chosen on the basis of 
his contributions to scientific know- 
ledge in the field of physical metal- 


manager, 


J. H. HOLLOMAN 


lurgy. Holloman is the first Amer- 
ican to receive the award since it 
was established in 1950. 

The medal is awarded annually by 
the Council of the Institute of Metals 
in recognition of outstanding contri- 
butions to metallurgy by persons 
under the age of 45. It was made 
available to the Institute by a gift 
from Imperial Chemical Industries 
Ltd., and commemorates the late 
Dr. Walter Rosenhain, internation- 
ally known physicist and engineer 
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and October 2 
talks on price trends and 
analysis for titanium products 
be given as well as a summary of . 
the status and use of titanium abroad 
The IMD Nuclear Metallurgy 
Committee will hold 
symposium on the fal | 
elements. Fiftee | 
presen! 
The Com- 
mittee mimi its practice of i 
holding a technical sessiot 
jay morning of the F _ 
Presentation of severa : 
production of tantalum | 
making molybdenum re- 
sistant ind n ber are 


NACE Schedules thirds of EJC constituent member pense & Payroll. The Treasurer may 
societies at any time place funds of the 
Corrosion Conference Institute, not exceeding $10,000, at 
Donald J. McPherson the disposal of the Secretary's office 


and Exhibition ° “ae . for the purpose of paying the cur- 
Wins Distinguished rent expanate of the Institut and 


vill gather nationwide meeting Alumnus Award 
} at sitea in 

I ( next vea to excnange 

multi-billion dollar losses suffered of metals research at Armour Re- ; any two of the 

hy the econ because of corro search Foundation of Illinois Insti fOuOW INE 

' The Neetir will be held or tute of Technology, Chicago, was the a secre tary 
. : . recipient of one of five Distinguished b. Assistant Secretary 


ial Gordon E. Dunlap, (Member 1934) 
lied in Leonia, N. J. on April 8, 


oil and ga prod i ridutions al 

pel ndustr\ pipe line eneral to the advancement in the techno- 1958. Born on June 6, 1906 in Erie, 

plastis protective coatir re- logy of our Natior Pa.. he was educated at Antioch 

f t College, 1925-2 and the Columbia 


finery inaus ana ut ti Inaus- 
try. In addition to tl vmposia, Proposed AIME School of Mines, 1929-32, receiving 


‘ ‘ 
educational lectures wil be pre B.S. and metallurgical engineer- 
sented Bylaw Changes ng degree in 1932. He was employed 

juring his career by American 
The following nges in the Steel & Wire Co. of Worcester, 
Recent EJC News \IME Bylaws ecently pro Mass.. American Brake Shoe Co., 


Rights of Engineers—The right of posed as liste w nd Metals Disintegrating Co. Dur- 
an engineer to bar the Atomic En . World War II he served in a 
Article ! technical capacity on the Manhattan 


ergy Comn on from disclosing 
Section 2-b-4. Cnange Mining District Project that developed the 


previous ecret lata neavy 

water process until his patent and \2OGS0G9 and \Weophysics Divisi Atomic Bomb. Later, durit the 

othe right re a leq ately pro - Mining and Explorati n Divi- Korean Wat! nh was chief of the 

tected he considered bv the s10Nn gical development section 
t the re Section 4. Add-e: “No Local! Sect I at the New York office of the Atomic 


rganizead in a_i foreigt Energy Commission. Mr. Dunlap 


a\ ne 


nti wher tt ists a ! was al nsultant in the 


liction. The case concerns a men . . 1) 
Institut Article V dea foll n illness of several 
er of ! American Institute of 
mont neor was rn 
Chemical Engineer who sought the Section 6. C hange name ort comn NOMLNS Mr Mi . - wa born in 
rs wh ug! . oN 1009 Be. 1088 tho ome 
support of the Institute. Because the  t€€ to “Local Section Affairs Con 0, N. D. in 1922. In 1941, he en 
lled in the Colorado School of 


problem is basic to all engineers of mittee and chang b) to read 

the country whose inventions are The Board of Directors shall appoint M ne s Golae n . olo., and graduated 

the & the Chairman on recommendation in 1946 with a degree in me tallurgi- 

tion, AIChE refered the matter to of the President cal engineering Shortly after grad- 

EJC for joint action on behalf of the Sections 7 and 8 Renumber Sections uation, he accepted a position with 
ng the Homestake Mining Co., Lead, 


profession. EJC filed a “friend of the 8 and 9 . 1048 
Supreme Add new Section 7. Student Chapter Ss. D. I December, 1946 Mor = 
P hi with the Colorado 


Affa rs ttee care 


court” brief requesting the 
Court to review the case and report 


" Fuel & Iron Corp., where he rose 


on the matter of jurisdiction. It, in a Formation of Committee. The 
general supported the engineer's Committee shall consist of three pers 
appeal, which stated “in these days members, one from each of th furnace dept the position he held 
, at the time of his death. He was 


three AIME constituent Societies, + i Pik 
< ial tereste t LES 
urgently needed in the race for na- appointed by the Board of Directors ext 
on rr Peak Sub-Section of the Colorado 
tional survival, it is imperative that on recommendation of the President 4 , AIME. H : th 
» ion ) ALNME serve 
their rights be respected and thei: b Presiding Officer. The Board of ectior tie 1S 
ganization as a boar -ectors 
through Directors shall appoint the Chair- orga ition a a board Of directors 


when scientists and engineers are 


incentives strengthened oun 
such respect. These considerations man on recommendation of member in 1952, as vice chairman in 
and the principles concerned in President 1994, _and bn appointed chairman 
: aes in 1955. Other than AIME, Monson 
volve basic guarantees intended to j 
be accorded by our form of govern Change in Rules was also active in the Blast Fur- 
ment’ Rule 1., Article IIT Section 4. The one 
EJC Inc.—The State of New York following Rule was deleted by the Cammoer Commerce 
has granted Engineers Joint Coun Board of Directors, Feb. 16, 1958 George V. Slottman (Member 1947) 
cil the right to incorporate. The re Section 4. Disbursment of AIME vice president—research and engl 
organization is now on paper and Funds neering of Air Reduction Co. Inc., 
awaits the affirmative vote of two Rule 1. Payments—Current Ex- died April 21, 1958 in Memorial 


tne 
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wt 
; the joth ann al . — rence and Ex Ohio State Universitv College of d. Such other employee of the In 
ition of National Association of rir th ft} San stitute as the Board of Directors of 
( E Eng Ea le hHithn annual Con- 
7 Se ference for Engineers and Archi- the Institute shall from time to 
feren Nnginee! ana aArcnl 
Sixtee!r Sympo i Nave been ar- designate 
tects, on May 2, 195 ime ignat 
is McPherson's award was presented 
cory or 1 wide variety f 
een d tric ind occupations Symposia if I outstanding achieve en 
| and occupations; in. research and development of | OBITUARIES 
\ i rit ‘ ai 
4 high-temperaturs we for 
reatir Ivar mente in the met} 
| principle ele ited temperature ds of metals research, for his lead- 
ership in the field of institutior 
: quest of the Supreme Court. Thi 
resuited from an appeal over the 
a or nal rulir g ol tne lowe! Court ognized nauional engines Ing energy heia 
in th mineral induet? field 
12 ely Ne ninerai iInadustry neia 
=f tha eW. S. Agency could _ : without the written consent of the John W. Monson, (Member 1946) 
governing body of such societ\ passed away on April 1, i906, In 
a 
: 
2 


Hospital, New 


illness. Dr. Slottman was born in 
Brooklyn, N. Y. on Nov. 22, 1903 


He received his B.S. degree from the 
Massachusetts Institute of Technology 
in 1925, and his Ph.D. degree from the 


University of Berlin in 1927. He was 


a professor of chemical engineering 
at M.I.T. from 1927 through 1930 
Slottman served United Steel Con 

panies Ltd Sheffield England in 
1930, as chief combustion engineer 


and iron works manager. He joined 
Air Re duction Co Inc I l as 
manager of the technical sales divi 
sion, and in 1949 became director of 
research and engineering. His ay 

pointment vice pre ent Vas 
made in 1952. Dr. Slottman held 
membership in many engineering 


societies, including AIME, the Ame 
ican Welding Society, the Americar 
Row ket Society tne Americal Iror 


and Steel Institute, and the Indus 


VW " V T 
ore! { i the inter- 


iational Acetylene Association for 


S. R. Kallenbaugh (Member 1937 


in sion OF an 


was killed 
liner and a jet fighter, on April 21 
1958, near Las Vegas, Nev. Born in 
Alhance, Ohi on Aug. 3, 1914, he 
was educated at Mount Union Col- 
lege, 1931 to 1934, and at Ohio Stats 
University from 1934 to 1935. He 


a Cf 


graduated in 1934 with a BS. de- 
gree. Kallenbaugh joined the Tim- 
kin Roller Bearing Co. Los Angeles. 
in 1935, and was Los Angeles district 
manager for the company it the 


time of his death 


M. H. Caron (Member 1918 


away in Rijawijk, Netherlands, on 
Feb. 20, 1958. Born in Java, Dutch 
East Indies, on Feb. 22, 1883, he re- 
ceived his mining engineering de 
gree in 1910 from the Delft Unive: 
sity Holland. At the time of his 


death, he was Professor En eritus, 
Delft University, and a consultant 
to International Co. of Canada Ltd.. 


Delft, Netherlands 


Polykarp Herasymenko (Mem! 

1951) died in New York on April 6, 
1958. Dr. Herasymenko was born i: 
Odessa, Ukraine in 1900. He receivec 
his doctorate from Charles Univer- 
sity, Prague, in 1925. An Interna- 
tional Research Foun- 


er 


i 


(Rockefeller 


dation grant awarded in 1928 en- 
abled him to do research at Kings 
University. In 1930 


College, London 
he became head of the me tallurgix 
and physical chemistry 
the research laboratory of the Skoda 
works in Pilsen. He held this posi- 
tion until August 1954, and then 
emigrated to West Germany. From 
1948 to 1951, he served as research 
metallurgist in the United Steel 
Companies, Sheffield, England. Dr 
Herasymenko came to the United 
States in 1951. At the time of his 
passing, he was a research professor 
at New York University’s College of 
Engineering 


sections of 


York, after a brief 
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’ > Member 
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REINSTATEMENT—CHANGE OF STATUS 


Fuger I Junior to Member 
Valtter E. ert L. H Cleve j 

W \ F. Packer. Ci 

) N T N. ¥ 

F S Student to Junior 
J ‘ 4 4 a! 4 


Student to Member 


Kat Pittsburg! 


PROFESSIONAL SERVICES 


H. L. TALBOT 


Consulting Metallurgical Engineer 


Limited to AIME members, or to com- 


panies thot have at least one AIME 


member on their staffs. Rates $50 per Extraction and Refining of Base Metals 
pecializing in Cobalt and Copper 
Room 911, 209 Washington St. 
Boston 8, Moss. 


year per inch. 


MAX STERN 
Consulting Engineer 


DR. E. TSUTSUMI 


Registered Japanese Patent Attorney & 
onsulting Engineer 


Expe Scrag overy and Ship- 
L Modernization of Plants PATENT MATTERS handled TECH- 
For: NICAL TEXT translated from Japanese 
NNONTETFOUS nto English or vice versa: 2¢ an English 


wor 


Central P.O. Box 1545 Tokyo, Jepen 


10 East 40th St. New York 16, N. Y. 
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COMING EVENTS 


Sept. 10-12, AIME Rocky Mountains 
Mineral Conference, Newhouse 
Hotel, Salt Lake City 


Oct. 3-4, AIME NOHC Southern 
Ohio Section, fall meeting, Desh- 
ler-Hilton Hotel, Columbus, Ohio 


Oct. 16, AIME Utah Section, Progress 
n Air Pollution Control, Salt Lake 


City 


Oct. 27-30, AIME Fall Meeting of 
The Metallurgical Society, spon- 
sored by the Institute of Metals 
Division, Carter Hotel, Cleveland 


Nov. 7, AIME Pittsburgh Section, 
Thirteenth Annual Off-the-Record 
meeting, Pittsburgh 


Nov. 17-20, The Fourth Conference 
on Magnetism and Magnetic Ma- 
terials, sponsored by the American 
Inst. of Electric Engineers, in co- 
operation with The American 
Physical Soc., the Inst. of Radio 
Engineers, The Metallurgical Soc 
of AIME, and the Office of Naval 
Research, Sheraton Hotel, Phila- 
delphia 


Dec. 3-5, AIME 16th Electric Furnace 
Conference, Statler Hotel, Detroit 


Dec. 11, AIME Utah Section, Panel 
discussion on the Place of Re- 
search in the Minerals Industries, 
Salt Lake City 


Feb. 15-19, 1959, AIME Annual Meet- 
ing, St. Francis Hotel, Sheraton- 
Palace Hotel, and Sir Francis 
Drake Hotel, San Francisco 


Apr. 2-3, 1959, AIME Technical Con- 
ference on Stress Corrosion, Mel 
lon Institute, Pittsburgh 


Apr. 6-8, 1959, AIME 42nd National 
Open Hearth Steel Conference and 
Blast Furnace, Coke Oven, and 
Raw Materials Conference, Jeffer- 
son Hotel, St. Louis 


Apr. 27-30, 1959, AIME International 
Symposium on the Physical Chem- 
istry of Process Metallurgy, 
Penn-Sheraton Hotel, Pittsburgh. 


June 13-15, 1960, first International 
Powder Metallurgy Conference, 
Hotel Biltmore, New York, under 
joint auspices of AIME and MPA 
Fritz Lenel, RPI, representing 
AIME, and Kempton Roll, MPA, 
will be co-chairmen of the Con- 
ference 
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Heat More 


ISLEY 


The Morgan-lsley system offers you a better 
means of heating ingots with straight blast 
furnace gas, coke oven gas, natural gas or oil. 


we 


The schematic shows the flow of combustion air and fue 
gases through the regenerators and soaking pit. The 
Morgan-lsley system employs vertical regenerators. It 
eliminates regenerator capacity under the crane runway 
thus freeing this valuable area for heating steel. 


MORGAN CONSTRUCTION COMPANY woncasten, mass. 
"HLH. Weed, Koppers Building, Pittsburgh, Pennsylvania 
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Molybdenum and reliability 
go hand in hand 


Through the years, iron and steel producers have recognized molybdenum as 
an alloy giving assured results in producing higher than normal properties every 
time. “Moly” is compatible with other elements which may be commonly used, 
such as nickel, chromium or vanadium 

In high temperature alloys and corrosion resistant steels, Moly’s use has long 
proven most aéeceptable. It endows steels with air hardening, increases the depth 
of hardeming, is responsible for an increase in low temperature impact properties, 
and possesses ability to increase wearing qualities. 

Especially to those contemplating new heat treatment or design, molybdenum 
affords a proven usefulness in assuring desired results. MCA’s vast experience in 
the use of alloys is yours for the asking. If you have a question about molybdenum’s 
potentialities in any ferrous product, write today for the latest technical help. 


Grant Buildi CORPORATION OF AMERICA 


Pittsburgh 19, Pa. 
Offices Pittsburgh, Chicago, Los Angeles, New York, Son Francisco 
Sales Representatives. Brumiey-Donaldson Co., Los Angeles, Son Francisco 
Subudiory Cleveland Tungsten, In Cleveland 
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